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Com is a very important food in the diet of the 
Colombian people. This is due mainly to its wide range of 
adaptation and its productivity in many of the different cli­
matic regions of Colombia. 
One of the problems with com, as a food, is its low con­
tent of lysine and tryptophan, two essential amino acids, which 
are found in very small amounts in the plant kingdom. This 
problem can be obviated by consuming animal proteins which are 
superior in nutritional quality to plant proteins. However, 
transformation of plant proteins by ruminants is an expensive 
process and does not help the lower income people whose diets 
are most inadequate. 
The discovery that opaque-2 and floury-2 mutant genes in 
com are associated with high lysine and tryptophan content of 
the endosperm, offered an opportunity to improve the nutri­
tional quality of com grain protein through breeding programs. 
At the present time two hybrids, ICA H 208 and ICA H 255» 
have been released with the opaque-2 gene. These hybrids are 
grown in a wide range of environmental conditions, from 500 to 
1,600 m above sea level. In Colombia, environmental conditions 
vary greatly with altitude. It is known that grain yield 
changes significantly with the environmental conditions. 
Little is reported about the effect of environment on grain 
protein composition. 
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It has been observed that plant population and nitrogen 
fertilization affect, among other plant characteristics, the 
endosperm crude protein. However, when the endosperm protein 
content is increased using these agronomic practices in normal 
hybrids, the lysine and tryptophan content is not changed and 
in some cases may be decreased. Since the opaque-2 gene de­
creases the biosynthesis of the protein zein, it is expected 
that increasing the endosperm crude protein will also increase 
the lysine and tryptophan content of the opaque-2 hybrids. The 
experiments reported herein were conducted to test this hypothe­
sis under different environmental conditions. The endosperm 
crude protein was increased by applying N at different rates 
and at different plant populations. Several plant characteris­
tics (silking time, physiological maturity, plant height, leaf 
area index, dry weight per plant, harvest index, and 200 kernel 
weight) were also observed and reported. 
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LITERATURE REVIEW 
In most of the experiments carried out in Colombia, S.A., 
under field conditions, only the final grain yield has been 
measured. Thus, the literature cited herein is related mostly 
to experiments conducted under very different environmental 
conditions. 
Silking and Physiological Maturity 
As any other plant characteristic, the time of silking 
is determined by genetic and environmental factors. Thus, 
Hanway and Russell (I969) working with 11 hybrids found a 
significant difference among hybrids for the length of time 
from stage 2.5 (tenth leaf fully visible) to stage 5*0 
(silking). Troyer and Brown (1972) observed that the favor­
able 1966 season caused their materials to flower in fewer 
days and yielded more in comparison with I967 when conditions 
were less favorable. 
Silking is frequently delayed when plant population is 
increased. Stringfield and Thatcher (19^7) observed a delay 
of two days with five plants as compared with two plants per 
hill. Shubeck and Caldwell (1955) obtained an increase of 
five days in the length of time to silking by increasing plant 
population from 3,556 to 17,780 plants per acre. Kohnke and 
Miles (1951) observed that silking was delayed one day for 
each increase of 4,000 plants per acre. On the other hand. 
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Zuter and Grogan (1956) did not find any variation of silking 
time with stand density. 
In general, increasing plant population brings about an 
increase in the interval of time between pollen shedding and 
silking. Woolley et al. (1962) found that the intervals from 
pollen shedding to silking were I.3, 1.6 and 2.5 days for 
populations of 16,000, 20,000 and 24,000 plants per acre, 
respectively, in 1959» In i960, a dryer year, this interval 
was increased to 2.4, 4.2 and 6.8 days, respectively, for the 
same populations. According to Dungan et al. (1958). Leng, in 
Illinois, observed an increase in the shedding-siIking inter­
val of 1.7 at 8,000 to 2.8 at 20,000 plants per acre. Troyer 
and Brown (1972) defined the day-silking delay as the differ­
ence between the days to silk and the days to pollen shed. 
They observed one-half day delay in silking at 57,000 compared 
to the 32,000 plants/ha. 
Aldrich (1943) defined maturity as the maximum dry matter 
accumulation in the grain. The term "physiological maturity" 
was introduced by Shaw and Loomis (I950). Shaw and Tom 
(1951) observed a relative constant period from silking to 
physiological maturity of about 51 days for three hybrids of 
differing vegetative period in four successive seasons. 
Hallauer and Russell (I962) in a study of eight single-cross 
hybrids during two years observed that maturity was attained 
approximately 63 days after silking at a grain moisture of 
34.65S. The silking-maturity interval was relatively constant 
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for hybrids and years, but longer than previously reported by 
Shaw and Thorn. 
Duncan and Thompson (I962) reported a range of 50 to 55 
days from 75^  silked to physiological maturity for short and 
full season hybrids respectively. Hillson and Penny (1965), 
studying the physiological maturity and rate of drying in 15 
single crosses involving six inbred lines, found that 
physiological maturity varied from 53 to 6l days. Similar 
results have been determined by Gunn and Christensen (I965), 
who observed differences of at least seven days among four 
inbreds. Daynard et al. (1971) reported significant differ­
ences among hybrids and a linear relationship between 
grain yield and duration of the effective grain filling 
period. 
Data on the effect of plant population on maturity, as 
measured by moisture content of the grain, are somewhat con­
tradictory. Rutger and Crowder (1967b) evaluated three hy­
brids at 55» 88 and 125 thousand plants/ha and observed that 
the highest population retarded maturity. An increase of 
approximately 1.5^  in grain moisture as population increased 
two- to three-fold has been reported (Andrew et al. , I963; 
Colville, 1962; Colville and McGill, 1962; Rounds et al., 1951; 
Shubeck and Caldwell, 1955)' Bryant and Blaser (I968) working 
with an early and a late maturity hybrid found no effect of 
plant population or row spacing on maturity. Daynard et al. 
(1971) were not able to observe any significant difference in 
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the length of the period from silking to physiological maturity 
due to plant population. 
Young et al. (i960) in an experiment conducted in North 
Dakota over a three-year period used rates of 0, 30 and 60 
pounds of N per acre and found no effect on the percentage of 
grain and stover moisture. Ochoa (1966), in an experiment at 
Medellin, reported that maturity, measured as the percentage 
of moisture in the grain, was retarded at high N rates. 
Plant Height 
Differing results of the effects of plant population on 
plant height have been reported. Dungan et al. (1958) pointed 
out the maximum plant height is reached at about 12,000 plants 
per acre. Colville and KcGill (1962) found an increase of 
four to six inches at populations above 12,000 plants per 
acre. Pendleton and Seif (I96I) observed in a dwarf hybrid, 
planted at several populations, an increase in plant height 
as population was increased. Norden (I966) reported an in­
crease of 5^ in plant height as plant population was increased 
from 5»000 to 25,000 plants per acre. Similar results were 
observed by Giesbrecht (I969). 
Rutger and Crowder (1967a) observed that ear height but 
not plant height was increased at high populations. 
No differences in plant height at several populations was 
reported by Eisele (1938) and by Shubeck and Caldwell (1955). 
Crews and Fleming (I965) observed that ear and plant height 
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were significantly reduced at high populations. 
The effect of N depends on the fertility of the soil. 
Thus, Mcintosh and Vamey (1972), using four rates of manure 
and five rates of N, observed that N did not significantly 
increase plant height in the years I965-I967, but did for 
1968-1969. 
Ochoa (1966), in Medellin, observed that plants were 
1.50 m tall when no N vas applied and 3»50 m with 200 kg/ha. 
Leaf Area Index (LAI) 
Eik and Hanway (I965) pointed out that the number of 
leaves formed per corn plant differed among hybrids, were 
increased by fertilization and tended to decrease with in­
creasing density of the plant population. Duncan and Hesketh 
(1968) grew 22 races of maize adapted to several altitudes, in 
glass houses under natural day light, where day-night tempera­
ture ranges were maintained from 15/10 to 36/31 C. At low 
temperatures the high altitude races had higher leaf growth 
rates and, in general, leaf number increased with increasing 
temperature. 
It has been reported that increasing plant population 
decreases leaf area per plant. Stickler (1964) indicated that 
the combined leaf area per plant for three leaves decreased 
from 357 square inches at 16,000 to 33^ square inches at 24,000 
plants per acre. He further established that leaf area per 
plant was highly associated with grain yield per plant. 
8 
Eik and Hanway (I966) observed a linear relationship 
between LAI days over the period of grain formation and grain 
yield. However, LAI values greater than 3*3 were not linearly 
related to grain yield. They also found a linear relationship 
between grain yield and LAI at silking time. 
Hunter et al. (1970) determined, in five short-season 
hybrids, that LAI increased with increasing plant population 
for all hybrids. In this experiment the maximum LAI was 2.9 
at 72,000 plants per hectare. The optimum LAI for maximum 
yield is considered to be 3»3 to 4.0 according to Eik and 
Hanway (I966). For this reason Hunter et al. (1970) suggested 
that with short season hybrids a higher population will be 
necessary to obtain maximum yields. 
Bruce et al. (I966) showed that LAI was closely associated 
with plant height. Small differences were observed between the 
cytoplasmic male-sterile strain and its fertile counterpart. 
High N rates (270 and 300 lb/acre) increased LAI at low 
soil water tension, but not at the higher soil water tension 
regimen according to Bruce et al. (I966). Nunez and Kamprath 
(1969) found that the LAI increased linearly as plant popula­
tion was increased from 3^.500 to 69,000 plants/ha. Maximum 
yields were obtained with a LAI of 3.5 and remained constant 
up to a LAI of 4.5 with adequate N. Leaf area index was not 
affected by N applications in this experiment. 
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Dry Matter Production and Its Partition 
Hanway and Russell (I969) studied 11 com hybrids in 
relation to dry matter accumulation and found that the grain 
to nongrain ratio varied markedly among the hybrids. An 
average of H-Zfo of the total dry weight was grain, with a range 
from 35 to 52%. This proportion also varied with years and 
plant population. Hanway (I963) reported up to 48^ of the 
total dry matter as grain for some hybrids. 
Rutger and Crowder (1967b) reported an increase of Sfo in 
total dry matter when the population was increased from 50,000 
to 88,000 plants/ha and remained constant when population was 
further increased to 125,000 plants/ha. Dry shelled grain 
decreased as plant population increased. Colville (I962) 
found no effect of plant population or method of planting on 
shelling percentage. Similar conclusions were reached by 
Bryant and Blaser (I968). They reported that the relative 
proportions of the different plant parts varied between an 
early and a late hybrid, but were affected only slightly by 
differences in plant population. 
Lutz et al. (1971) in a three-year experiment studied 
ten different maturing hybrids and found that the ear to 
stover ratio varied from 2.20:1 to 0.88:1 depending on the 
hybrid. The ratio was unaffected by row spacing or plant 
population. 
It has been suggested that differences in soil fertility 
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resulted in different rates of dry matter accumulation, but 
influence all plant parts in a similar manner (Hanway, 1962). 
This observation agrees with Doss et al. (1970) who found 
that irrigation, plastic mulch and high plant populations 
increased the dry matter of all plant parts. Nitrogen had 
little effect in changing the dry matter yield of any plant 
part. Jordan et al. (1950) observed that the grain to stover 
ratios were 1:4.6?, 1:4.20 and 1:0.92 for applications of 
0.60 and 120 lb of N per acre. This experiment was conducted 
with 12,000 plants per acre. Krants (19^9) pointed out that 
the maximum ratio of grain to vegetative parts occurs at 
relatively high levels of N. 
Kernel Weight 
The effect of the genotype on kernel weight is well 
known. Sreeramulu and Bauman (1970) reported a decrease of 
11^ in the 100-kemel weight of the opaque-2 genotypes, as 
compared to the normal counterparts. Whigham (1971) compared 
an erect-leaf hybrid with a flat-leaf type. The flat-leaf 
hybrid produced significantly heavier ears and kernels. 
In general, the weight per kernel decreases with increas­
ing plant population. Colville (I962) indicated that the 
weight per 100-kernels decreased linearly with increasing 
population rates by 0.8 g per 4,000 plants. These observa­
tions agree with Williams et al. (I968). Woolley et al. (I962) 
reported a variation from 22.9 to 33.2 g per 100-kernels for 
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several hybrids. They also observed a reduction in the weight 
per kernel when stand density was increased. An increase in 
ear weight per plant with a decrease in plant population and 
with increased time required for maturity has been observed 
(Lutz et al., 1971). 
Hanway and Russell (I969) observed smaller kernels at 
high populations. They pointed out that seeds from the 
higher populations weighed 2.5 g per 100-kernels less than 
those from lower populations. 
Thomas (1956) found that the weight of com ears de­
creased from 7.6 ounces at 6,000 plants per acre to 6.4 and 
4.8 ounces at 12,000 and 18,000 plants per acre, respectively. 
He did not observe any effect of N on the ear weight. Stan-
berry et al. (1963) observed an increase in com yield of 
about 9000 with supplemental N. They indicated that this in­
crease was due to the effect of N on the different yield com­
ponents, including kernel weight. 
Grain Yield 
Obviously grain yield is the result of the interaction of 
many variables, genetic and environmental. Under normal con­
ditions, the highest yields are obtained with populations be­
tween 15.000 to 20,000 plants per acre (Duncan, 1952; Muhr and 
Host, I95I; Nelson and Dumenil, 19^ 7; Pendleton et al., 1963). 
With irrigation, plant populations up to 24,000 plants 
per acre are required to attain maximum yields (Carlson et al., 
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1959; Hunter and Yunger, 1955; Colville et al., 1964; 
Pumphrey and Drier, 1959)- Under low moisture conditions, 
lower populations, about 12,000 plants per acre, are considered 
optimum for higher yields (Hinkle and Garrett, I96I; Termude 
et al., 1963; Zuber et al., i960). 
Hume et al. (1956), using planting rates up to 14,000 
plants per acre, found that higher yields, in the eastern part 
of South Dakota, were obtained with 3»3 plants per hill, while 
in the drier, central part of the state, 2.5 plants per hill 
produced the highest yields. 
Rutger and Crowder (1967a) tested six hybrids at two 
locations for three years in densities of 40, 50» 60, 70 and 
80 thousand plants/ha. They observed a significant population-
location interaction for grain yield. The highest yields were 
obtained at 70,000 plants/ha. 
Colville and McGill (1962) reported that with irrigated 
com little difference in yield was observed from populations 
of 16,000, 20,000 and 24,000 plants per acre. Higher popula­
tions brought about a decrease in grain yield. Lodged and 
broken plants also increased at populations above 24,000 
plants per acre (Colville, I962). In South Dakota, grain 
yield was observed to increase up to 16,000 plants per acre 
and then fell off sharply at higher populations (Termude et 
al., 1963). Kohnke and Miles (1951) reported that the best 
yields were obtained by planting rates of 15.000 to 19,000 
plants per acre. Drilled com produced more than hill-drop 
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or uniform space planting. 
Higgs et al. (1964) in a four-year experiment conducted 
at 26 locations found yields averaged 115 and II6 bushels per 
acre at populations of 14,300 and 18,900 plants per acre. In 
Michigan, for similar populations the yields observed were 82 
and 75 bushels per acre, respectively (Rossman and Darling, 
1964). 
Hybrids respond in different ways to plant population. 
Woolley et al. (1962) studied four inbreds in all possible 
single crosses at 16,000, 20,000 and 24,000 plants per acre 
over a two-year period. Hybrids WF9 x CIO3 and Bl4 x CI03 
were most adversely affected at higher populations. Hybrids 
with the longest interval between pollen-shedding and silking 
were the lowest yielding at high populations. The hybrid 
Hy2 X Oh? has been found to be tolerant of high populations 
(Leng and Ross, I96I, I962). 
The ability to silk normally at high populations has been 
considered an important characteristic of population tolerant 
hybrids (Moss and Stinson, I96I). Another characteristic of 
hybrids tolerant of high populations is their capacity to 
tolerate shade (Stinson and Mess, i960). In general, late 
maturing hybrids are considered less population tolerant than 
earlier hybrids (Colville et al., 1964; Termude et al., I963). 
Duncan (1952, 1954) observed that earlier maturing hybrids 
produced maximum yields at 20,000 plants per acre and the late 
maturing hybrids required only 16,000 plants to produce 
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maximum yield. Giesbrecht (I969) found that later maturing 
hybrids were better adapted to competition at high populations 
than were early hybrids. Zieserl et al. (I963) studied four 
hybrids at different populations and reported that all the 
hybrids behaved in a similar manner at all populations. 
Prolific hybrids are, in general, more population tolerant 
than single-eared hybrids. Zuber et al. (i960), Bauman (i960), 
Crews and Fleming (I965) reported that the two-eared hybrid 
Pfister 653W is more stable, as far as yield is concerned, 
than the single-eared hybrid Tenn 90, at various populations. 
It seems that the prolific hybrids produce fewer barren plants 
at high populations. Zuber et al. (i960) observed that the 
number of ears per plant decreased from 1.68 to I.06 for pro­
lific hybrids and from I.I3 to 0.95 for single-eared hybrids 
when population was increased from 8,000 to 16,000 plants per 
acre. They also reported that the ear weight of the prolific 
hybrids was less affected than the single-ear hybrids at in­
creasing populations. 
The effect of N on com yield is well known (Voss and 
Pesek, 1967; Sharma and Gupta, I968; Scaife, 1968; Lang, 1956). 
Coyler and Kroth (I968), in an experiment carried out over 
seven years and at two sites, observed that the optimum N 
rates and plant population varied considerably from year to 
year and between sites. Maximum yields were reported by Thomas 
(1956) with 40 lb of N per acre and 12,000 plants. The same 
N rate produced a lower yield at 6,000 and with 18,000 plants 
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per acre. 
It appears that with adequate moisture high plant popu­
lations are required to produce higher yields at high N rates 
(Nunez and Kamprath, 19^9; Porter and Bell, 1962). 
Under tropical conditions, in Guyana, Shukla (1972) ob­
served an increase in grain yield from 790 kg/ha with no N to 
about 5.350 kg/ha with 180 kg/ha of N. 
Literature on the effect of N on com yield is very ex­
tensive. The remainder of this section will be restricted to 
a review of the work carried out in Colombia, S.A. 
In general, com yields are increased with increasing 
rates of N fertilization in many important agricultural areas 
and on various Colombian soils. At high altitudes (2,000-
3,000 m above sea level), yield is not significantly increased 
with applications of fertilizer. This is probably due to the 
low requirements of nutrient per unit of time. The vegetative 
period is prolonged under these conditions (Baird et al. , i960). 
Under the Cauca Valley conditions, N is the most important 
nutrient for increasing com yields. Gomez (1968a), in an 
experiment conducted over eleven years, at the same site, 
observed that N was the only limiting nutrient. After the 
fifth year from 80 to 120 kg/ha of N was required to produce 
maximum yields. Nitrogen applications to corn in rotation with 
leguminous crops (alfalfa or soybeans) also increased yields 
(Gomez, 1968b). In 30 fertilizer tests carried out in the 
Cauca Valley from I953 to 1957, Gomez et al. (i960) observed 
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that in one-third of the experiments com yields were increased 
through the use of fertilizers. This yield increase was almost 
entirely due to N applications. Applications of 80 kg/ha of 
N resulted in an average yield increase of 700 kg/ha. 
At Medellin, Rodriguez and Baird (1963) reported that in 
five out of eight experiments carried out on an alluvial 
soil from 40 to 80 kg/ha of N were required to increase yields. 
In the other three experiments, applications of 120 kg/ha of 
N was required to produce the same yield increases. In an 
experiment carried out under similar conditions, Ochoa (1966) 
observed an increase in com yield from 1,720 kg/ha when no 
N was applied to 3,650 kg/ha when 200 kg/ha was applied. 
Recently, Leon (1973)» in a series of trials carried out 
in several locations, reported the following results: In the 
Cauca Valley in 19 locations out of 52, N applications increased 
the com yields from 500 up to 4,100 kg/ha. The recommended 
rates are from 50 to 100 kg/ha of N. At Medellin, com yields 
were increased from 3,000 kg/ha without N to 5,600 kg/ha when 
200 kg/ha was applied. 
Crude Protein, Lysine and Tryptophan 
The protein and amino acid content of maize kernels de­
pends on the genetic characteristics as well as the extrinsic 
factors. Bressani and Mertz (1958) analyzed 12 corn genotypes 
(hybrids and varieties), six from the U.S.A. and six from 
Guatemala (Central America). Protein content of the endosperm 
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of the Guatemalian com varied from 7.2 to 23.8^. However, 
four of them had less than The U.S. hybrids varied 
from 12.4 (high oil type) to 18.2^ for the high protein type. 
Lysine content varied from 2.0 to 3.2# for the genotypes of 
both countries. Tryptophan content varied from 0.43 to O.63 
expressed as a percentage of protein. Flynn et al. (1954) 
found that the protein content of 13 samples of low protein 
com was 9•9%' The average protein content of 15 samples of 
high protein corn was 14.3^. Microbiological assays gave 
these average results for low protein corn and high protein 
com respectively: Tryptophan O.87 and O.890 and lysine 3-14 
and 3.80^. Miller et al. (1950) conducted an experiment to 
determine the amino acid composition of high and low protein 
com. They studied the lysine, tryptophan and methionine 
contents of nine single crosses of inbred lines which varied 
in crude protein content from 8.48 to 14.12#. They pointed 
out that under uniform soil fertility and weather conditions 
concentrations of the three amino acids showed a constant de­
crease with decreasing crude protein. Lysine diminished from 
0.18 to 0.11 and tryptophan from 0.I3 to 0.08 as a percentage 
of the sample. 
Plant population and N fertilization greatly affect the 
protein content of com. According to Colville (I962), crude 
protein percentage decreased about 0.8% as population rate was 
increased from 8,000 to 28,000 plants per acre. Pendleton and 
Self (1961) pointed out that com grain protein decreased as 
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population increased at all row spacings tested. 
Stickler (1964) reported a decrease in grain protein with in­
creasing stand density, in irrigated trials with 40-inch rows. 
Protein content remained stable in 20 and 30 inch rows. Hunter 
and Yunger (1955) obtained 6.92% protein with no N and 9'58# 
when 320 pounds of N per acre was applied. They pointed out 
that the protein content of the grain continues to increase 
even when the effect of N upon yields became negligible. 
Similar response of com to N was observed by Stevenson and 
Baldwin, (1969). Center et al. (1956) indicated that N, as 
well as planting rate and locations, significantly affected 
grain crude protein. This was higher at the low planting rate 
when only 60 pounds of N was applied, but was almost the same 
at the two planting rates used (10,000 and 16,000 plants per 
acre) when ISO pounds of N was applied. 
Time of application of N fertilizer did not influence 
crude protein content of com grain, according to Pumphrey 
and Harris (1956), although there was a definite effect of 
the rate of N applied on the crude protein content. Mean 
crude protein contents of the grain were 7.1, 8.0, 9.I and 
9--? for applications of 0, 40, 80 and 120 pounds of N, 
respectively. 
Zuber et al. (1954) conducted an experiment using four N 
rates (0, 50, 120 and 250 pounds per acre) for each of three 
years, three hybrids and eight plant populations (from 8,100 
to 16,794 plants per acre). Even though there were significant 
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variations in N content of the different hybrids, the main 
effect was due to plant population or N level. The percentage 
of crude protein was increased from 7-25 to 8.83 in 1951 and 
from 7.12 to 10.27 in 1952. 
Changes in the amino acid composition of com protein, 
due to soil fertility, have been reported. Thus, McGregor 
et al. (1961) found that the amino acid level of com grain 
grown on a coarse-textured low fertility soil was lower than 
the com grain grown on a finer textured and more fertile soil. 
They pointed out the addition of N increased the concentration 
of all amino acids. However, lysine and methionine were not 
increased by N fertilization. Prince (195^) reported a ten­
dency for tryptophan to increase with N application and to 
decrease with increasing plant density. When expressed as a 
percentage of crude protein, increasing N rates decreased 
tryptophan content. These results agree with Sauberlich et al. 
(1953)* They compared samples of com grown on plots to which 
24 and 84 pounds of N per acre was applied. The crude protein 
content for the low N rates varied from 6.8 to 8.2# and for 
the high N treatments ranged from 9.3 to 12.0#. The amino acid 
content was increased markedly at the high N rate: The in­
crease in each amino acid, however, did not correlate with the 
increase in grain protein. They indicated that the content of 
lysine and tryptophan decreased under these conditions. 
The increase in the grain crude protein due to N fer­
tilization and plant population has been found to be due 
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mainly to an increase in the zein fraction. For this reason 
the lysine and tryptophan content may decrease, when expressed 
as a percentage of protein at high N rates and low plant 
densities (Hamilton et al., 1951; Schneider et al., 1952; 
Keeney, 1970). 
Mertz et al. (1964) reported that the gene opaque-2 pro­
duced an increase in lysine and tryptophan in the protein com 
endosperm. This increase has been found to be as high as 50?^ 
due primarily to a decrease in the protein zein (Nelson et al. , 
1965). Bressani and Mertz (1958) pointed out that in normal 
maize endosperm zein accounts for about 509^» On the other 
hand, Mertz et al. (1964) indicated that in opaque-2 endosperm 
zein accounts for only 259^. It is important to point out that 
the amino acid composition of the embryo of opaque-2 and 
normal maize is similar (Mertz, I966). 
Nitrogen percentage is lower in the endosperm of the 
opaque-2 genotypes. Sreeramulu et al. (1970) observed that 
the protein content of the opaque-2 genotype was 10.6# and that 
of the normal 11.4#. Goodsell (I968) reported that the accumu­
lation of total N was 12# lower in the opaque-2 than in the 
normal. Similar results were obtained by Sreeramulu et al. 
(1970). 
Reports on field experiments conducted to test the effect 
of N fertilization or plant population on the crude protein, 
lysine and tryptophan content of the opaque-2 genotypes are 
not available. However, in a pot experiment conducted to 
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compare an opaque-2 hybrid and a normal one, Wilberg et al. 
(1968) applied N at different times; before sowing (2 g per 
pot) and at sowing (2 g per pot) and again at flowering 
(2 g per pot). Grain lysine content in opaque-2 was ^Ofo and 
64^ higher than in the normal hybrid for the first and second 
treatments, respectively. When N was applied twice (at 
sowing and flowering), the N content was increased 64^ and 
979^ in opaque-2 and the normal maize lysine content was higher 
by 46^ and 90#, respectively. 
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MATERIALS AND METHODS 
Plant Material 
Four hybrids were used in this experiment: ICA H 207. 
a double-cross hybrid (L210 x L29) x (L38 x L36), with tall 
plants, big ears and yellow kernels; DIACOL H 253» a double-
cross hybrid (L28 x L27) x (L25 x 126), with tall plants, big 
ears and white crystalline kernels; the opaque-2 counterparts 
were ICA H 208 and ICA H 255» These two opaque-2 hybrids were 
developed at Palmira according to the method outlined by 
Sarria and Cassalett (I969). The opaque-2 hybrids ICA H 208 
and ICA H 255 are versions of the normal hybrid ICA H 207 
and DIACOL H 255, respectively. They are near isogenic, 
differing only in the opaque-2 gene introduced by backcrossing 
with respective inbred lines. 
Treatments 
The field experiments were carried out in Colombia, S.A. 
during 1970 and 1971 at three experiment stations, namely, 
Tulio Ospina (Medellin), Palmira (Palmira) and Nataima 
(Espinal). At these three locations, plant materials were 
arranged in a split-plot design, with three replications at 
each location. Hybrids constituted the main plots, plant 
populations (40,000, 50,000 and 60,000 plants/ha) constituted 
the sub-plots and N rates (0, 100, 200 and 3OO kg/ha) were 
the sub-sub plots. Urea was used as the source of N. 
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The "basic experiment unit consisted of four rows of 10 m 
length. The two central rows were harvested for yield deter­
minations. The other two were left as border rows. 
All plots were seeded by hand. Seeding rates were higher 
than the desired final populations and were thinned when the 
plants were approximately 25 cm tall, leaving 2 more plants per 
row than the final stand. 
Nitrogen (urea) was applied as a side dressing after 
thinning. The required amounts were measured for each row. 
The herbicide "Hexaprim" was applied, at planting time, at 
the rate of 2 kg/ha. 
The following observations were recorded: silking time, 
measured as the number of days from planting to when 50^ of 
the plants in the two central rows showed silks; physiological 
maturity, determined as the number of days from silking to 
the time the black layer appeared in the kernels of the central 
part of the ear of six plants. This method was outlined by 
Daynard and Duncan (1969). 
For the next observations four average plants per plot 
were selected; plant height, measured in cm from the soil to 
the top of the panicle, one week after silking: area of the 
leaf blade was determined by calculating maximum width x 
length X 0.75' Total leaf area per plant was divided by the 
soil area per plant to determine LAI. 
Dry matter per plant was determined at physiological 
maturity. The four selected plants were harvested by cutting 
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them at the soil surface. These plants were placed in a 
loose mesh cloth bag and dried at approximately 70 C to con­
stant weight. Upon removal from the drier, the total weight 
was recorded. Later the kernels were removed, threshed and 
the grain weight was measured. With this data the harvest 
index was calculated by expressing the grain weight as a per­
centage of the total plant weight. 
Grain yield 
The two central rows of each plot were hand harvested and 
the weight of the ears were recorded in kg. Kernel moisture 
was determined on approximately $00 g of kernel removed from 
several randomly selected ears per plot. Yield was calculated 
in kg per plot adjusted to 15% moisture. 
Two hundred kernels per plot were weighed after drying to 
constant weight at 60 C. In the opaque-2 hybrids, the ears 
contained some nonopaque kernels due to pollen contamination. 
To determine kernel weight only opaque kernels were chosen 
from these hybrids. Grain samples with appropriate selection 
to eliminate pollen contamination were taken from each plot 
for chemical analysis. 
Locations 
As indicated previously, the experiments were conducted 
at three locations and on two occasions at each location. 
One of the locations was at the Tulio Ospina Experiment 
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station (latitude N 6°27', longitude W 75°32'). This site is 
near Medellin in the Aburra Valley of the Andean Mountains. 
It has an altitude of 1,438 m above sea level. It has an 
average mean annual temperature of 21 C and an average annual 
rainfall of 1,462 mm. 
The Ceniato clay loam in this field is a moderately deep 
loam with moderate to poor internal drainage. Soil pH is 
about 6.5. Due to the low fertility level 100 kg of P (PgO^) 
and 50 kg of K (K^O) per hectare were added before sowing. 
Rows were planted 80 cm apart. 
The first experiment was planted on November 27, 1970 
and harvested on May I3, 1971. The second experiment was 
planted on July 21, 1971 and harvested on January 3. 1972. 
Another experimental site was at Palmira (latitude N 
3°32', longitude W 76°17'). This experiment station is located 
near Palmira in the Cauca Valley. It has an altitude of 1,006 
m above sea level. It has an average annual mean temperature 
of 24 C and an average annual rainfall of 1,000 mm. 
The soil is silt loam or clay loam with moderate to good 
internal drainage. It has a pH of about 6.8. It was high in 
potassium and phosphorus, so these elements were not added. 
Rows were planted 92 cm apart. Sprinkler irrigation was pro­
vided when needed. 
The first experiment was planted on September 29, I97O 
and harvested on February 12, 197I' The second experiment was 
planted on September 22, 1971 and harvested on February 12, 
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1972. 
Another experimental site was at Nataima (latitude N 
4*12' , longitude W 74°^ 6'). This experiment station is located 
near Espinal. It has an altitude of 4-31 m above sea level. 
It has an average annual mean temperature of 27 C and an 
average annual rainfall of 1,400 mm. 
The soil is sandy clay loam with moderate to good internal 
drainage. With medium potassium and phosphorus, 100 kg each 
of P (PgO) and K (KgO) per hectare were incorporated before 
planting. Rows were planted 90 cm apart. 
The first experiment was planted on March 11, 1971 and 
harvested on July 7, 1971. The second experiment was planted 
on October 2, 1971 and harvested on January 20, 1972. 
In all these experiments the granular insecticide Sevin 
was applied when needed. 
Chemical Analysis 
All chemical determinations were carried out using the 
endosperm. Ten seeds per plot were soaked in distilled water 
for about 30 minutes. The seed coat was peeled off and the 
germ removed. The endosperms were air dried and finely ground 
in a Micro-Wiley mill and passed through a 60-mesh sieve. 




Nitrogen was determined following the well known Micro-
Kjeldahl procedure (Association of Official Agricultural 
Chemists. Official Methods of Analysis. Horwitz, W., Ed. 
9th ed. A.O.A.C., Washington, B.C., I96O). Protein was cal­
culated from the percent nitrogen by multiplying the endosperm 
N by 6.25. 
Lysine 
A bioassay, using the bacteria Leuconostoc mesenteroides, 
P-60 ATCC No. 8042, was used to determine lysine. The proce­
dure was according to Difco (Difco Manual of dehydrated culture 
media and reagents for microbiological and clinical laboratory 
procedures, Detroit, Michigan, 1971). 
A composite sample was made by mixing the three replica­
tions per treatment. This was used to determine lysine and 
trytophan: 
Briefly, the procedure was as follows: duplicate 1,000 g 
(opaque-2) and 2,000 g (normal) portions of each sample were 
hydrolized in 10 ml of 6N HCL for 15 hours at 110 C. This 
hydrolysis was carried out in 20 ml vials sealed with teflon-
lined screw caps. After hydrolysis, the samples were filtered 
through Whatman No. 1 filter paper into 125 ml glass beakers. 
The vials were washed with 6N NaOH and distilled water. This 
solution was adjusted to pH 6.8 with 6N NaOH, and distilled 
water was added up to 30 ml. Aliquots of 1, 2, 3, or 4 ml of 
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this solution were taken for assay. 
Chemicals for the bioassay were purchased at the Difco 
Laboratories, Detroit, Michigan, U.S.A. The acidometric titra­
tion with Bromothymol blue as indicator was used. 
The chemicals used were Bacto-Micro Assay Culture Agar for 
carrying the culture in stock, Bacto Microinoculum Broth for 
preparing the inoculum, Bacto Lysine Assay Medium for the 
assay of L-lysine and L-lysine Monohydrochloride for preparing 
the standard curve. 
Stock cultures of the test organism L. mesenteroides P-60 
ATCC No. 8042 were prepared by stab inoculation of Bacto-Micro 
Assay Culture Agar. The tubes were incubated for 36 hr at 36 C 
and subsequently stored in a refrigerator at 2 C. Transplants 
were made monthly. This medium was prepared suspending 4.7 g 
of Bacto-Micro Assay Culture Agar in 100 ml of distilled water. 
After boiling, to dissolve the medium, it was distributed in 
10 ml quantities in the test tubes. The test tubes were 
sterilized in the autoclave for 15 minutes at 15 pounds 
pressure and 121 C. The tubes were then allowed to cool in 
an upright position. 
Inoculum for assay was prepared by subculturing from a 
stock culture to 10 ml of Bacto-Micro Inoculum Broth. After 
24 hours incubation at 36 C, one ml of this solution was 
diluted in 10 ml of sterile 0.84^  NaCl solution. One drop of 
this latter suspension was used to inoculate each of the assay 
tubes. Bacto-Micro Inoculum Broth was prepared dissolving 
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0 .37  g in 10 ml of distilled water. 
A standard curve was prepared with each set of about 20 
samples. This curve was obtained using duplicate samples of 
L-lysine at levels of 0.0, 30, 60, 90, 120, I50, 180, 240 and 
300 ng per assay tube. Bacto Lysine Assay Medium used for 
the assay was rehydrated suspending O.IO5 g per ml of distilled 
water and heating to boiling for three minutes. Five ml of 
this medium was added to each tube in the preparation of the 
tubes for the standard curve and to each tube containing the 
samples under assay. To these 5 ml of medium plus the sample, 
distilled water was added to 10 ml. The tubes were then auto-
claved for 10 minutes at 15 pounds pressure and 121 C. After 
autoclaving the tubes were cooled immediately in cool water, 
inoculated and incubated for 72 hours at 36 C. After incubat­
ing, the material of each test tube was poured into a 125 ml 
erlenmeyer flask. The tubes were washed with 10 ml of dis­
tilled water. This solution was titrated with 0.1 N NaOH, 
using Bromothymol blue as indicator. The amount of lysine per 
sample was calculated from the standard curve. Four blanks 
were included in each set. 
Tryptophan 
Tryptophan was determined according to the procedure in­
dicated by Spies and Chambers (1949). Duplicate samples of de-
fated endosperm were weighed to give approximately 50 to 100 ng 
of tryptophan (1,000 g for normal hybrids and 0.250 g or 
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0.500 g for opaque-2 hybrids). Samples were put in 25 ml 
Pyrex standard-tapered, glass-stoppered erlenmeyer flasks. To 
this 30 mg of p-dimethyl aminobenzaldehyde and 10 ml of 19 N 
HgSO^  were added. The reaction was allowed to stand for 12 
hours at 25 C and protected from light. After this period 
0.1 ml of 0.04# NaN02 solution was added and allowed to stand 
for 30 minutes to develop a blue color. Absorbance was read 
in a Spectronic 20, using a wave length of 600 nm. Absorbance 
was converted using pure L-tryptophan in the amounts of 0,20, 
4-0, 60, 80, 100, 120, 14-0 and I60 ng. A blank was used with 
every sample to which everything was added except the reactive 
p-dimethyl aminobenzaldehyde. A complete hydrolysis was not 
attempted. For this reason, the results were used only to 
make comparisons among the treatments. 
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RESULTS AND DISCUSSION 
Several plant characteristics, which were measured in 
these experiments, are related to grain yield. Since these 
characteristics are affected by the local environment as well 
as by the treatments applied, they may help to explain the 
variability in grain yield. 
Analysis of variance was performed individually on the 
data from each field experiment. The Bartlet's test indicated 
that the error variance of the different experiments were not 
homogeneous. Therefore, analysis of the data combined over 
locations and seasons was not made, and the results will be 
tabulated and presented individually for each experiment. It 
should be noted that the differences among locations are, in 
most cases, larger than those due to treatments within 
locations. 
Experiments carried out during the first semester of each 
year will be indicated by the year followed by the letter A and 
the year followed by the letter B for those performed during 
the second semester. 
Silking Time 
A summary of the analysis of variance for the number of 
days from planting to the time at which 50^  of the plants of 
each plot showed silks is presented in Table 1 for all experi­
ments. 
Table 1. Analysis! of variance for the number of days from planting to mid-silking 
Mean squares 
Medellin Palmira Espinal 
variation (If 1971A I97IB 197 OB I97IB 197IA I97IB 
Replications (R) 2 0.1563 0.6562 63.2500* 0.0000 0.0937 0.4375 
Hybrids (H) 3 28.1042** 6.7708* 74.3333** 112.5208** 0.1458 0.2500 
Error (a) 6 0.2014 0.9641 6.4202 7.9849 0.1077 0.2940 
Populations (P) 2 0.6563 1.8437* 0.4062 3.6562 0.7187* 0.7813 
HP 6 0.1979 1.6562* 4.7917 2.5208 0.1771 0.6458 
Error (b) 16 0.3542 0.4609 3.6627 6.5143 0.1979 O.45I8 
Nitrogen (N) 3 0.2500 28.2500** 0.2708 0.6667 0.1458 34.7708** 
HN 9 0.3333 0.5000 0.5694 1.3333 0.2014 O.7O83 
PN 6 0.4583 0.7187 0.9375 0.6146 0.4271 0.4687 
HPN 18 0.4271 0.3993 0.5000 1.3125 0.2986 0.1215 
Error (c) 72 0.2891 0.3823 0.6076 1.3505 0.1390 0.5114 
*,**F-test significant at the and I'fc probability level, respectively. 
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Means for all treatments carried out in Medellin are shown 
in Appendix Table 4o. In Medellin 1971A, hybrids were signifi­
cantly different (Table 1). These differences were rather 
small. The largest difference was 1.8 days between the hybrid 
ICA H 207 and ICA H 255» The effect of hybrids in this experi­
ment is shown in Table 2. The other treatments, plant popula­
tion and N rates, did not affect the silking time. 
Table 2. Effect of hybrids on silking time (days from plant­
ing to 50fo silking); averaged over plant populations 
and N rates, Medellin 
Hybrids 
Year- LSD(.05) ICA ICA DIACOL ICA 
semester (days) H 207 H 208 H 253 H 255 
1971A 0.2 75.2 75.4 76.6 77.0 
1971B 0.6 80.6 81.6 80.9 81.0 
In Medellin 1971B, hybrids were also significantly dif­
ferent. However, these differences were smaller than in 1971A 
as shown in Table 2. 
Silking time was also affected by plant population. How­
ever, hybrids responded in a different manner to plant popula­
tion as indicated by the significant hybrid x population inter­
action. Table 3 shows there is a small delay in silking time 
as population increases. 
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Table 3. Effect of hybrids and plant population on silking 
time (days from planting to mid-silking), averaged 
over N rates, Medellin 1971B 
Plant population (plants/ha) 
Hybrids 40,000 50,000 60,000 
ICA H 207 80.5 80.2 81.0 
ICA H 208 81.5 81.7 81.7 
DIACOL H 253 80.3 81.3 81.2 
ICA H 255 81.2 81.7 81.2 
LSD(.05) - 0.6 days 
Differences, however, among hybrids and populations are 
less than a day and so cannot be considered of any important 
consequence. 
Nitrogen application increased approximately 1.5 days the 
amount of time from planting to mid-silking (Table 4). When 
N was applied at the rates of 100, 200 and 300 kg/ha, silking 
time was not affected. 
Table 4. Effect of N fertilization on silking time (days from 
planting to mid-silking), averaged over hybrids and 
plant population, Medellin 1971B 
Nitrogen rates (kg/ha) 
0 100 200 300 
79.8 81.1 
LSD(.05) - 0.3 days 
81.5 81.0 
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The effect of all treatments in Palmira are presented in 
Appendix Table 41. On both occasions, 1970B and 1971B, only 
hybrids significantly affected the silking time (Table 1). 
Hybrids DIACOL H 253 and ICA H 255 showed a longer period from 
planting to mid-silking than hybrids ICA H 20? and ICA H 208. 
This period was also longer for all hybrids in 1971B than 
1970B (Table 5). 
In Espinal, hybrids silked at the same time (Table 1). In 
I97IA, a small delay in silking time was observed as the popu­
lation was increased (Table 6). In 197IB, N was the only 
factor which significantly affected the interval from planting 
to mid-silking (Table 7). A delay of approximately two days 
in silking time when N was applied at any rate above the con­
trol was observed in this experiment. Appendix Table 4-2 shows 
the effect of all treatments in Espinal. 
Table 8 summarizes the effect of locations and seasons on 
each hybrid. The number of days from planting to mid-silking 
decreases from Medellin to Espinal. This effect is surely due 
to the temperature which increases in the order Medellin, 
Palmira, Espinal. The rate of development is increased with 
increasing temperature. 
The experiments carried out in Medellin 1971A and in 
Palmira 1970B silked sooner than those conducted in the same 
locations in 1971B, probably due to the better environmental 
conditions (soil and climatic) that prevailed in the first two 
experiments. This is in agreement with the observations of 
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Table 5» Effect of hybrids on silking time (days from plant­
ing to mid-silking), averaged over plant populations 
and N rates, Palmira 
Hybrids 
Year- LSD(.05) ICA ICA DIACOL ICA 
semester (days) H 207 H 208 H 253 H 255 
19 7 OB 1.4 64.2 64.3 66.7 64.0 
I97IB 1.6 69.3 68.2 72.4 69.5 
Table 6. Effect of plant populations on silking time (days 
from planting to mid-silking), averaged over hybrids 
and N rates, Espinal 1971A 
Plant population (plants/ha) 
40,000 50,000 60,000 
59-6 59.6 60.0 
LSD(.05) - 0.4 days 
Table ?• Effect of N fertilization on silking time (days from 
planting to mid-silking), averaged over hybrids and 
plant population, Espinal I97IB 
Nitrogen rates (k^ ha) 
0 100 200 300 
58.3 60.2 60.2 60.4 
LSD(0.5) - 0.3 days 
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Table 8. Effect of locations and semesters on silking time 
(days from planting to mid-silking), averaged over 
plant populations and N rates 
Locations 
Medellin Palmira Nataima 
Hybrids I97IA I97IB I97OB 197IB I97IA 197IB 
ICA H 207 75.2 80.6 64.2 69.3 59.7 59.8 
ICA H 208 75.4 81.6 63.4 68.2 59.7 59.9 
DIACOL H 253 76.6 80.9 66.7 72.4 59.9 59.7 
ICA H 255 77.0 81.0 64.1 69.5 59.8 59.8 
Troyer and Brown (1972). 
A significant effect due to plant population was observed 
in the two experiments at Medellin I97IB and Espinal I97IA. 
These differences were less than a day and the trend was to 
delay the silking time as population increased. This effect 
has been observed in several experiments (Shubeck and Caldwell, 
1955: Kohnke and Miles, 1951)» Due to these small differences 
and the fact that in the other four experiments no effect of 
stand density on silking time was observed, it can be concluded 
that silking time was not affected by plant population. 
A highly significant effect of N was observed in Medellin 
I97IB and in Espinal 1971B. When no N was applied, in both 
experiments, plants silked approximately 1.5 days earlier. In 
Espinal and especially in Medellin, soil fertility is very low 
and plant growth was impaired at early stages when N was not 
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applied. 
Grain Filling Period 
The number of days from mid-silking to physiological 
maturity were considered as the grain filling period. 
A summary of the analysis of variance is shown in Table 9« 
The means for all treatments at the three locations are pre­
sented in Appendix Tables 4-3, 44, and 45. For this trait the 
error mean squares were rather small (low coefficient of 
variation) and some first order interactions such as hybrid x 
population, which are very important, were highly significant 
as was the second order interaction in some experiments (Table 
9). However, differences of less than a day produced these 
highly significant effects. For these reasons, the main ef­
fects due to hybrids and N fertilization were the most impor­
tant regardless of the interactions. 
Hybrids DIACOL H 253 and ICA H 255 had a longer grain 
filling period than the hybrids ICA H 207 and ICA H 208 
(Table 10). This difference was larger by about six days in 
Palmira. 
With the exception of one experiment (Espinal 1971B) the 
hybrids were significantly different. The difference was be­
tween the two pairs ICA H 20?, ICA H 208 and DIACOL H 253, ICA 
H 255' As indicated previously, the hybrids ICA K 20? and 
ICA K 208 are isogenic and so are the hybrids DIACOL H 253 
and ICA H 255. 
Table 9. Analysis of variance for the number of days from mid-silking to physio­
logical maturity 
Mean squares 
Source of Me dell.in Palmira Espinal 
variation df I97IA 197IB 197OB I97IB 19 71A I97IB 
Replications (R) 2 0.3125 0.6562 1.2187 I.8I25 0.0000 1.0000 
Hybrids (H) 3 I89 « 6666** 10.1042** 469.8957** 609.5000** 6.8333** 0.7083 
Error (a) 6 0.0660 0.8680 5.4641 0.6308 0.3148 0.6030 
Populations (P) 2 2.3125 0.50000 1.3437 6.6875* 0.5625 0.6875 
HP 6 0.7812 0.6354 0.6979 1.4271 0.1562 0.3021 
Error (b) 16 0.7174 0.5221 2.7786 I.O872 0.2044 0.8529 
Nitrogen (N) 3 504.6665** 717.4582** 0.1667 1.6458 27.3125** 51.4792** 
HN 9 4.4792** 2.5486** 1.5555 0.4792 0.4236 1.0139* 
PN 6 1.2812 0.6562 3.2604* 0.7500 O.2187 0.5625 
HPN 18 1.2778 1.6632* 1.9653 1.6319* 0.I805 0.4618 
Error (c) 72 0.8359 0.3585 1.3378 0.9055 0.3363 0.5015 
*,**F-test significant at the Sfo and 1% probability level, respectively. 
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Table 10. Effects of hybrids on the grain filling period (days 
from mid-silking to physiological maturity), aver­
aged over plant population and N rates 
Hybrids 
Year- LSD(.05) ICA ICA DIACOL ICA 
Locations semester (days) H 207 H 208 H 253 H 255 
Medellin I97IA 0.02 51.5 51.5 55.4 55*6 
I97IB 0.05 51.6 51.4 52.2 52.5 
Palmira I97OB 1.3 39.6 39.0 45.7 45.3 
I97IB 0.5 38.1 38.3 45.2 45.4 
Espinal I97IA 0.2 29.5 29.5 30.3 30.2 
I97IB ns 31.4 31.7 31.4 31.6 
The biggest difference among hybrids occurred in Palmira. 
Smaller differences were observed in Medellin and almost no 
differences were observed in Espinal. These plant materials 
are fully adapted to Palmira, where they were developed. 
Probably, the genetic differences are shown mainly in this 
area. In Espinal, the grain filling period is much shorter and 
the genetic differences were not expressed as in Palmira. 
Duncan and Thompson (I962) and Hillson and Penny (I965) 
observed differences among hybrids as far as physiological 
maturity is concerned. On the other hand, Shaw and Tom (I951) 
and Hallauer and Russell (I962) observed that the grain filling 
period was nearly constant for several hybrids. The data re­
ported herein indicate that the grain filling period is strong­
ly affected by the environmental factors. Differences among 
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hybrids may also depend on the environment. 
The effect of N was highly significant in Medellin and 
Espinal (Table 11). It was higher in Medellin due to the low 
fertility level of this soil. Nitrogen increased the number 
of days from silking to physiological maturity. The biggest 
difference was between the control and the 100 k^ ha treat­
ment (Table 11). In Espinal the different N applications did 
not increase the length of the grain filling period. In 
Medellin, there was a tendency to increase the length of the 
period with the heavier applications. In Medellin, the plants 
that did not receive N died sooner than those to which N was 
applied. Similar effects of N application on maturity, as de­
termined by moisture content of the grain, were observed by 
Ochoa (1966) in the same area. In Palmira, a soil with high 
fertility level, the N applications did not affect the length 
of the grain filling period. 
c 
In Palmira 1971B (Table 9) there was a significant effect 
due to plant population. However, the differences are of less 
than a day and the tendency is to decrease the length of the 
grain filling period with increasing plant population. It may 
be concluded that plant population did not significantly affect 
physiological maturity. This agrees with the results of 
Daynard et al. (1971). 
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Table 11. Effect of N fertilization on the grain filling 
period (days from mid-silking to physiological 
maturity), averaged over hybrids and plant popula­
tions 
Year- LSD(.05) N rates (kg/ha) 
Locations semester (days) 0 100 200 300 
Medellin I97IA 0.4 47.9 54.9 55.6 55'6 
I97IB 0.3 45.2 53 «6 54.3 54.5 
Palmira I97OB ns 42.4 42.3 42.5 42.3 
I97IB ns 41.5 41.6 42.0 41.9 
Espinal 19 71A 0.3 28.6 30.4 30.3 30.3 
I97IB 0.3 29.7 32.0 32.0 32.0 
Plant Height 
A summary of the analysis of variance for all experiments 
is shown in Table 12 and the effect of the treatments for each 
experiment is presented in Appendix Tables 46, 4?, and 48. 
The plant materials used in this experiment are very 
similar with respect to morphological characteristics such as 
plant height and leaf area. For this reason, only in Espinal 
197IA was there a significant difference among hybrids (Table 
12). In this experiment, the hybrid ICA H 20? was about 10 cm 
shorter than the other hybrids. There is not a good explana­
tion for this behavior. 
Differences due to plant population were significant only 
in Palmira in both I97OB and I97IB growing seasons. Table 13 
Table 12. Analysis of variance for plant height 
Mean squares 
Medellin Palmira Espinal 
source or 
variation df 1971A 1971B 1970B 1971B 1971A 1971B 
Replications (R) 2 140.5000 68.0000 192.0000 0.0063 2764.5000** 265.0000 
Hybrids (H) 3 0.0000 447.6665 1477.3333 0.0161 853.6665** 267.3332 
Error (a) 6 202.4816 110.9723 509.3094 0.1171 72.7871 210.0000 
Populations (P) 2 95.0000 38.5000 776.0000** 0.6300 97.5000 129.0000 
HP 6 41.3333 40.8333 56.0000 0.0061 97.0000 91.0000 
Error (b) 16 44.1562 47.7603 47.3957 0.0113 97.1458 108.0687 
Nitrogen (N) 3 2526.6665** 11886.3320** 2464.0000** 0.0352 16505.3320** 17654.0000** 
HN 9 149.7777 197.8889** 42.6667 0.0132 85.7778 162.3333 
FN 6 87.5000 20.3333 184.0000 0.0277 43.6665 178.1667 
HPN 18 75.5555 60.2778** 83.5555 0.0291 54.3889 107.7222 
Error (c) 72 115.5501 19.0239 89.2474 0.0170 106.5964 130.6215 
*,**F-test significant at the 5% and 1% probability level, respectively. 
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Table 13. Effect of plant population on plant height (cm), 
averaged over hybrids and N rates, Palmira 
Year- LSD(.05) Plant population (plants/ha) 
semester (cm) 40,000 $0,000 60,000 
19703 3 350 353 358 
1971B 4 30? 318 329 
indicates that plant height increases with increasing plant 
population. Similar effects due to stand density have been 
observed by many researchers (Colville and McGill, 1962; 
Giesbrecht, I969). It has been indicated that at low stand 
densities growth regulators are destroyed by light and plant 
height is less stimulated. This phenomenon probably did not 
occur in Medellin and in Espinal as the plants at these loca­
tions were, in general, shorter and less vigorous than at 
Palmira. 
With exception of Palmira I97IB, N significantly increased 
plant height in all experiments, as shown in Table 14. When N 
was not applied, plant height was reduced. The effect of N 
was greater in Medellin and Espinal than in Palmira, due to 
the lower fertility level of the former. Ochoa (I966) observed 
in Medellin that N application also increased plant height. 
In Palmira (197IB) plants were shorter than in 1970B and 
probably less N was required for growth. Thus, no differences 
were detected. 
45 
Table l4. Effect of N fertilization on plant height (cm), 
averaged over hybrids and plant population 
N rates (kg/ha) 
Year- LSD(.05) 
Locations semester (cm) 0 100 200 300 
Medellin 1971A 5 266 281 285 282 
1971B 2 193 227 229 230 
Palmira 1970A k 341 355 358 360 
1971B 6 313 319 320 320 
Espinal 1971A 5 195 239 236 238 
1971B 5 ?A1 284 285 286 
Growing conditions were better in Medellin in 1971A and in 
Espinal in 1971B. This is observed in the taller plants of 
these experiments as compared with the other experiments 
carried out in the same locations. 
As an average, plants were about 1 m taller in Palmira 
than in Medellin or Espinal. The hybrids tested in this ex­
periment are fully adapted to Palmira and plants grew more 
vigorously in this location. 
Leaf Area Index 
The analysis of variance (Table 15) for leaf area index 
(LAI) shows that hybrids were not significantly different in 
any of the experiments. 
Treatment effects for all experiments are shown in 
Table 15* Analysis of variance for leaf area index (LAI) 
Mean squares 
Kedellin Palmira Espinal 
variation df 1971A I97IB I97OB I97IB I97IA I97IB 
Replications (R) 2 0.2924** 0.0107* 0.0193 0.0038 0.1497** 0.0052 
Hybrids (H) 3 0.0168 0.0021 0.0073 0.0065 0.0021 0.0098 
Error (a) 6 0.0050 0.0017 0.0104 0.0129 0.0022 0.0063 
Populations (P) 2 5.3989** 7.5262** 15.3500** 12.2212** 6.9177** 6.0153** 
HP 6 0.0045 0.0036 0.0113 0.0065 0.0004 0.0013 
Error (b) 16 0.0050 0.0014 0.0289 0.0188 0.0069 0.0061 
Nitrogen (N) 3 3.9377** 0.1589** 1.4200** 1.4371** 3.8908** 4.4411** 
HK 9 0.0041 0.0003 0.0032 0.0066 0.0029 0.0006 
PK 6 0.2161** 0.0031 0.0630* 0.0653** 0.2873** 0.2054** 
HPN 18 0.0061 0.0015 0.0071 0.0047 0.0028 0.0023 
Error (c) 72 0.0088 0.0025 0.0276 0.0182 0.0040 0.0053 
*,**F-test significant at the % and Vfo probability level, respectively. 
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Appendix Tables 49, 50 and 51. Plant population and N applica­
tion and N application significantly affected LAI in all ex­
periments. Since the hybrid x population interaction was not 
significant, Table l6 summarizes well the effect of stand 
density on LAI. Even though there were only three populations, 
in the experiments carried out in Medellin and Espinal it is 
possible to observe that LAI increased linearly with increasing 
plant population. In Palmira there is a deviation from 
linearity. The rate of increase in LAI is lower from 50,000 
to 60,000 plants/ha than from 40,000 to 50,000 plants/ha. 
Plants were bigger in Palmira and at 60,000 plants per hectare, 
they were crowded and leaf area per plant was depressed more 
than at the other stand densities. Obviously, at the other 
locations, Kedellin and Espinal, plants were smaller and 
when plant population was raised the leaf area per plant was 
less affected. 
Table 1? shows that N increased LAI in all experiments. 
V/hen N was not applied, it was observed that several lower 
leaves were yellow at the time that leaf area was measured. 
LAI was more adversely affected at the high plant population 
with zero T'l, due to the greater competition for nutrients and 
light. 
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Table 16. Effect of plant population on LAI, averaged over 
hybrids and N rates 
Plant population (plants/ha) 
Locations semester LSD(.05) 40,000 50,000 60,000 
Medellin 1971A 0.03 2.69 2.99 3.26 
1971B 0.01 1.59 1.99 2.38 
Palmira 1970B 0.07 3.75 4.39 4.71 
1971B 0.06 3.73 4.12 4.63 
Espinal 1971A 0.04 2.11 2.73 3.12 
1971B 0.03 2.52 2.93 3.25 
Table 1?. Effect of N fertilization on LAI, averaged over 
hybrids and plant populations 
N rates (kg/ha) 
Locations semester LSD(.05) 0 100 200 300 
Medellin I97IA 0.05 2.45 3.08 3.12 3.12 
19 7 IB 0.02 1.90 1.99 2.03 2.05 
Palmira 19 7 OB 0.08 4.04 4.41 4.44 4.47 
197IB 0.06 3.99 4.37 4.39 4.40 
Espinal 197IA 0.03 2.24 2.90 2.90 2.89 
I97IB 0.04 2.36 3.04 3.07 3.09 
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Total Dry Matter 
Dry weight and grain yield per plant were obtained from 
four plants per plot. These plants were harvested and dried to 
constant weight at the time of physiological maturity. 
Table 18 shows a summary of the analysis of variance of 
all experiments. The effect of all treatments in each experi­
ment is presented in Appendix Tables 52. 53 and 54. 
As indicated previously, the hybrids were uniform as far 
as morphological characteristics are concerned. However, sig­
nificant differences among hybrids were obtained in four 
experiments (Table 18) with relation to dry weight per plant. 
There is a trend for the opaque-2 hybrids to produce less dry 
matter (Table 19). This effect may be due to the lower weight 
per grain of the opaque-2 hybrids ICA H 208 and ICA H 255» 
This effect was not significant in Palmira 1971B and in Espinal 
1971A. 
With the exception of Medellin 1971A, plant population 
significantly affected the total dry weight in all experiments. 
Table 20 shows that there is a trend to decrease the dry weight 
per plant when stand density is increased. Dry weight was 
affected more in Palmira because plants were bigger and 
probably under a higher degree of competition when plant 
population was increased. 
Nitrogen applications significantly increased total dry 
matter in all experiments (Table 21). There is a trend to 
Table 18. Analysis of variance for dry weight per plant 
Kean squares 
Source of Kedellin . . Palmi^  Espinal 
variation df 1971A 1971B 1970B 1971B 1971A 19713 
Replications (R) 2 49 4,359 3.888 5.564 324 4,999** 
Hybrids (H) 3 3,045* 1,303** 33.610* 11,139 68 4,232** 
Error (a) 6 425 115 5.397 3.000 99 28 
Populations (P) 2 2,403 6,465** 25,376* 81,386** 5.273** 2,962** 
HP 6 l,04l 139 1,400 1,549 105 647* 
Error (b) 16 752 329 6,074 4,195 191 179 
Nitrogen (N) 3 22,899** 27,536** 206,997** 11.649** 12,684** 25,274** 
HN 9 1,457** 79 3.608 2,308 74 694* 
PN 6 308 244 3.101 5,771 164 902* 
HPN 18 149 53 2,504 1,324 51 467 
Error (c) 72 302 147 3.999 1.712 259 303 
*,**F-test significant at the and Ifo probability level, respectively. 
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Table 19. Effect of hybrids on total dry matter (g/plant), 
averaged over plant populations and N rates 
Hybrids 
Year- LSD(.05) ICA ICA DIACOL ICA 
Locations semester (g) H 207 H 208 H 253 H 255 
Kedellin 1971A 12 292 276 273 274 
1971B 6 154 134 160 152 
Palmi ra 1970B 42 414 367 357 344 
1971B 1+5 376 362 384 305 
Espinal 1971A ns^  221 219 220 222 
1971B 3 297 276 277 268 
n^s = nonsignificant. 
Table 20. Effect of plant population on total dry matter (g/ 






Plant population (plants/ha) 
40,000 50,000 60,000 
Medellin I97IA ns^  285 274 281 
I97IB 8 165 151 142 
Palmi ra I97OB 34 394 374 347 
I97IB 28 368 331 286 
Espinal I97IA 6 232 219 212 
I97IB 6 284 271 276 
n^s = nonsignificant. 
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Table 21. Effect of K fertilization on total dry weight 
plant), averaged over hybrids and plant populations 
Year- LSD(.05) N rates (kff/ha) 
Locations semester (g) 0 100 200 300 
Eedellin 1971A 8 224 276 295 301 
1971B 6 112 162 161 175 
Palmira 1970B 30 283 332 433 435 
1971B 20 302 336 338 338 
Espinal 1971A 8 195 219 233 236 
1971B 9 240 284 293 298 
increase dry matter with increasing N rates. The largest dif­
ference occurred between the treatments in which no K was 
applied and that in which 100 kg/ha of N was applied. Appli­
cations of 200 and 300 kg/ha of N slightly increased total dry 
weight over the 100 kg/ha application (Table 21). 
Plant growth was poor in Kedellin 1971B. This fact was 
reflected in total dry weight as well as in other plant 
characteristics. 
Harvest Index 
Table 22 shows a summary of the analysis of variance for 
harvest index. The effects of all treatments are presented in 
Appendix Tables 55. 56 and 57. 
V/ith the exception of Palmira 1971B, differences between 
hybrids were significantly different. Unfortunately, these 
Table 22. Analysis of variance for harvest index 
Mean squares 
Medellin Palmira Espinal 
variation df 1971A 19 7 IB I97OB I97IB I97IA I97IB 
Replicatons (R) 2 1.6875 0.7812 2.7187 21.9062 12.1875 2.8750 
Hybrids (H) 3 26.1042** 156.3958** 99.0417* 66.6250 18.4157* 171.9791** 
Error (a) 6 2.5337 4.3797 10.1400 17.3743 2.9266 4.3229 
Populations (P) 2 2.5937 3.2188 33.2500 10.5625 3.9687 6.3750 
HP 6 5.9167 3.4062 29.6666 9.5937 9.0729 5.0937 
Error (b) 16 6.0897 3.4020 34.0760 11.0946 3.9351 1.9293 
Nitrogen (N) 3 20.9792** 1.9375 17.3125 0.9167 41.4167** 12.1875* 
HN 9 16.2292** 2.7639 66.5000** 12.1528* 6.7569 12.9236** 
PN 6 10.8125* 0.9792 16.1667 16.1458 3.7083 7.1562 
HPN 18 11.5660 4.2291 14.8472 6.9167 8.8507 3.1388 
Error (c) 72 4.1665** 5.2054 18.0712 7.7360 3.4372 3.9488 
*,**F-te8t significant at the and 1% probability level, respectively. 
5^ 
differences do not follow any definite trend and in several 
cases the opaque-2 hybrids showed a higher harvest index than 
the normal hybrids. The general mean for the harvest index 
of these hybrids was 3^ 5^ * 
The error mean square was low in most experiments and 
small differences were statistically different, even though 
they may not be important from the point of view of dry matter 
partitioning. Variability among the four plants that were 
chosen to determine harvest index was low. Obviously, they 
were selected in that way. However, considering all plants, 
even those of the same plot, variability was high, especially 
as far as grain yield per plant was concerned. Grain yield 
per plant can be calculated by dividing the grain yield per 
plot, after allowing for the 15^  moisture, by the number of 
plants per plot. When this was done the harvest index was 
even lower than the values reported herein. It is similar to 
those obtained in the U.S.A. for varieties grown during the 
1920'a (Anderson and Musgrave, i960). 
200 Kernel Weight 
Among the yield components, the weight per kernel is 
the most important to explain the differences in grain yield 
between the normal and opaque-2 hybrids. The analysis of 
variance (Table 23) shows a high significant difference among 
hybrids in all experiments. The largest component of the sum 
of squares was due to hybrids, indicating that it is the major 
Table 23. Analyses of variance for 200 kernel weight 
Mean squares 
Medellin Palmira Espinal 
Source of 
variation df 1971A 1971B 1970B 1971B 1971A 1971B 
Replications (R) 2 1.7500** 4.2187 42.2500 0.7500 1.3125 14.1562 
Hybrids (H) 3 3177.1250** 1339.9790** 2298.2707** 2518.7500** 2710.3332** 3053.4375** 
Error (a) 6 0.8059 2.0845 14.1842 6.1918 3.4847 3.6115 
Population (P) 2 10.0625* 14.5625 54.2500* 75.7500** 5.6562 1.6562 
HP 6 2.4791 2.6875 15.8854 20.6875** 1.2917 0.8646 
Error (b) 16 2.6326 4.9275 10.5402 4.1245 3.0687 3.0765 
Nitrogen (N) 3 82.2083** 87.1458** 12.3333 23.0416** 43.8333** 52,3333** 
HN 9 1.1111 1.7152 13.8750 12.3958** 2.2778 4.3333 
PN 6 3.5833 3.6041 18.6666 5.7083 1.0729 1.5417 
HPN 18 3.3680 2.8750 15.6666 7.6840** 2.5278 1.6424 
Error (c) 72 2.1689 4.7156 12.9036 3.3929 2.0685 3.4659 
*,**F-test significant at the 5% and 1% probability level, respectively. 
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contributor to the total variability. Table 24 shows the 
difference between the normal and the opaque-2 hybrids in all 
experiments. 
Kernels were heavier in Palmira than in Medellin or 
Espinal, being almost equal in the last two locations. The 
difference between the normal and the opaque-2 kernels was 
lower in Palmira and increased in Medellin and Espinal (Table 
24). Differences of about lljS between the normal and the 
opaque-2 hybrids have been indicated (Sreeramulu and Bauman, 
1970). 
Both plant populations and N rates affected significantly 
the 200 kernel weight in some experiments, but in a very low 
proportion compared to the effect of hybrids (Tables 58. 59 
and 60 in the Appendix). 
In Medellin 1971A, the normal hybrids I OA H 20? and 
DÎACOL H 253 were 25 and 2?^  heavier than their respective 
opaque-2 versions ICA H 208 and ICA H 255 (Table 24). Plant 
population also affected significantly the kernel weight. The 
differences are small and do not follow any trend (Table 25) 
except hybrid ICA H 253 shows a tendency to decrease the 
kernel weight with increasing plant population. A significant 
increase in kernel weight with N applications was obtained in 
the experiments (Table 26). 
In Medellin 1971B, the normal hybrids ICA H 207 and 
DIACOL H 253 were 199^  heavier than the opaque-2 hybrids 
(Table 24). In this experiment, plant population did not have 
Table 24. Effect of hybrids on 200 kernel weight (g), averaged over plant popula­
tions and N rates 
Hybrids 
Year- LSD(.05) ICA ICA % of DIAGOL ICA fo of 
Locations semester (g) H 207 H 208 normal H 253 H 255 normal 
Medellin I97IA 0.5 61.8 46.7 76 63.4 46.1 73 
I97IB 0.8 56.3 45.5 81 56.1 45.8 81 
Palmira I97OB 2.1 72.8 60.7 83 77.1 62.4 81 
I97IB 1.4 72.9 61.6 84 78.5 62.6 80 
Espinal 197IA 1.0 61.0 46.4 76 62.4 47.0 75 
I97IB 2.0 63.6 48.3 76 64.1 47.6 74 
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Table 25. Effect of plant population on 200 kernel weight 
(g), averaged over hybrids and N rates, Medellin 
I97IA 
Plant population (plants/ha) 
40,000 50,000 60,000 
54.9 53.9 54.9 
LSD(.05) - 0.6 g 
Table 26. Effect on N fertilization on 200 kernel weight (g), 
averaged over hybrids and plant population, Medellin 
I97IA 
Nitrogen rates (kg/ha) 
0 100 200 300 
52.4 54.5 55.5 55.5 
LSDC.05) - 0.7 g 
any effect because plants were small and probably under low 
interplant competition. N slightly increased the kernel weight 
in this experiment (Table 27). 
In Palmira 1970B, the normal hybrids ICA H 207 and DIACOL 
H 253 were 17 and 19?S heavier than the respective opaque-2 
hybrids. Increasing plant population decreased the kernel 
weight (Table 28). 
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Table 27.  Effect of N fertilization on 200 kernel weight (g), 
averaged over hybrids and plant population, 
Medellin 1971B 
Nitrogen rates (kg/ha) 
0 100 200 300 
48.6 51.5 51.7 51.8 
LSD(.05) - 1.1 g 
Table 28. Effect of plant population on 200 kernel weight (g), 
averaged over hybrids and N rates, Palmira I97OB 
Plant population (plants/ha) 
40,000 50,000 60,000 
70.0 69.8 67.1 
LSD(.05) - 1.4 g 
In Palmira 1971®» the analysis of variance (Table 23) 
shows highly significant differences for main effects and 
interactions. This situation makes the interpretation diffi­
cult. However- a comparison with the previous experiment 
shows that the results are very similar and that the most im­
portant differences are those among the hybrids. The normal 
hybrids ICA H 207 and DIACOL H 253 were 16 and 20^  heavier than 
the respective opaque-2 hybrids ICA H 208 and ICA H 255. The 
effect due to the other treatments and the interactions are of 
60 
little relevance, because they are small as compared to the 
effect due to hybrids (Table 23). The hybrid DIACOL H 253 
was heavier at 50,000 plants/ha than at the other two popula­
tions. This hybrid also showed a greater decrease of kernel 
weight than the other hybrids when no N was applied, which may 
explain the second order significant interaction. 
In Espinal, the kernel weight of the normal hybrids was 
approximately 25^  heavier than opaque-2 hybrids on both 
occasions. Plant population did not affect kernel weight in 
these experiments. Nitrogen slightly increased the kernel 
weight in both 1971A and I97IB experiments (Table 29). 
Table 29. Effect of N on 200 kernel weight (g), averaged over 
hybrids and plant populations, Espinal 
Year- LSD(.05) nitrogen rates (Itf/ha) 
semester (g) 0 100 200 300 
I97IA 0.8 52.6 54.5 54.7 55.1 
I97IB 0.7 54.1 56.5 56.2 56.8 
Grain Yield 
A summary of the analysis of variance for grain yield is 
presented in Table 30. Means for all treatments are shown in 
Appendix Tables 6I, 62 and 63. In Medellin 1971A hybrids were 
significantly different, but they did not follow the same 
Table 30. Analysis of variance for grain yield 
Mean squares 
Medellin Palmira Espinal 
Source of 
variation df 1971A 1971B 1970B 1971B 1971A 1971B 
Replications (R) 2 135.808 725.632 2115.584 471.040 970.752 579.072** 
Hybrids (H) 3 2800.725** 2544.896** 26750.896** 7148.885** 3813.888** 2556.245** 
Error (a) 6 172.674 208.786 1099.577 1120.066 220.607 41.369 
Populations (P) 2 1596.672** 17.152 1716.224 20.480 28.032 1500.288** 
HP 6 386.176* 8.874 1442.677* 516.778 51.157 40.917 
Error (b) 16 94.999 36.199 518.745 3675.574 108.753 159.336 
Nitrogen (N) 3 989.354** 19438.672** 9890.474** 15503.360** 8663.210** 16294.741** 
HN 9 316.017 205.596 374.556 • 727.267 138.581 34.616 
PN 6 57.685 36.906 820.565* 1942.186** 22.570 207.018 
HPN 18 106.012** 28.288 644.209* 454.428 26.780 58.993 
Error (c) 72 45.704 114.549 330.122 620.039 113.885 101.916 
*,**F-test significant at the 5% and 1% probability level, respectively. 
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trend at the different plant populations (Figure 1). Hybrid 
ICA H 207 produced the same grain yield at S^ ,000 and 40,000 
plants/ha. Hybrid ICA H 208 produced 200 kg/ha less at 40,000 
plants/ha than at 50.000 or 60,000 plants/ha. Hybrids DIACOL 
H 253 and ICA H 255 presented a similar trend with a maximum 
grain yield at 50,000 plants/ha. 
Nitrogen significantly affected grain yield, but hybrids 
responded differently (Figure 2). Nitrogen application steadi­
ly increased grain yield in hybrids DIACOL H 253 and its 
opaque-2 counterpart ICA K 255- The second order significant 
interaction seems to be due to the hybrid ICA H 207. Grain 
yield for this hybrid at 300 kg/ha of N was 2,976, 4,002 and 
3,442 kg/ha for plant populations of 60,000, 50,000 and 40,000 
plants/ha, respectively. 
The effect of all treatments on grain yield for the ex­
periment carried out at Medellin I97IB are shown in Table 61 
of the Appendix. Unfortunately, weather conditions were bad 
for this experiment due to the excessively high rainfall. 
Grain yield was low and plant growth was poor. Nevertheless, 
the whole experiment was affected in a similar manner, as 
estimated by direct observation. The normal hybrids yielded 
significantly more than the opaque-2 hybrids. Plant population 
did not affect grain yield and all hybrids responded in a 
similar way to stand density (Figure 1). 
Nitrogen application significantly increased grain yield 
in all hybrids (Figure 1). Plant growth was very poor when 
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N was withheld and thus grain yield was much lower than the 
treatments in which N was applied. 
A summary of the analysis of variance for the experiment 
conducted at Palmira 1970B is shown in Table 30. The means 
for all treatments are presented in Appendix Table 62. A 
significant effect due to hybrids was obtained in this experi­
ment. As indicated in Figure 2, hybrid ICA H 208 produced the 
lowest yield at 40,000 plant/ha and the hybrid ICA H 207 was 
not affected by plant population. Hybrids DIACOL H 253 and 
ICA H 255 tend to behave in a similar way in relation to stand 
density. 
An increase in grain yield of about 1,000 kg/ha was ob­
tained when 100 kg of N per hectare was applied as compared to 
the zero N application. The effect of N application is shown 
in Figure 2. This same figure shows that there is not a 
definite trend in the response to stand density and N fertiliza­
tion and for this reason the second order interaction was sig­
nificant. In general, this was a good season and high yields 
were obtained. However, at 60,000 plants/ha severe loading 
was observed. 
The environmental conditions for the experiment carried 
out at Palmira I97IB were less favorable than the previous one. 
Yield was lower than the aforementioned experiment even though 
this experiment was planted on a similar soil type. Table 30 
shows a summary of the analysis of variance and the means are 
presented in Table 62 of the Appendix. Hybrids were signifi-
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Figure 2. Interaction of hybrid x plant populations and 
hybrids x nitrogen rates on grain yield 
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cantly different. This difference is evident at the three 
stand densities as shown in Figure 2. The normal hybrids out-
yielded the opaque-2 hybrids, but the difference was less than 
that observed in the 1970B experiment. The effect of N appli­
cation (Figure 2) was greater than in the 1970B experiment. 
An experiment was planted on the same site in the first semes­
ter of 19711 but due to the high rainfall, the stand was low. 
This experiment was abandoned before N application, but it was 
harvested at the usual time. The experiment reported herein 
was planted on the same site. For this reason N application 
probably increased the grain yield more than in I97OB. 
A summary of the analysis of variance for the experiment 
carried out at Espinal 1971A is presented in Table 30. Means 
for all treatments are shown in Table 66 of the Appendix. The 
main differences are between the normal and the opaque-2 
hybrids. Figure 3 shows that there was a general trend to 
decrease grain yield as population was decreased. This effect 
was significant. Nitrogen application steadily increased 
grain yields and all hybrids responded in a similar manner to 
this treatment (Figure 3)* 
In the experiment carried out at Espinal 19715, the normal 
hybrids significantly outyielded their respective opaque-2 
hybrids. Stand density did not affect grain yield (Figure 3)-
Nitrogen application significantly increased the grain yield 
and all hybrids were affected in the same way as indicated by 
the asbsence of the hybrid x population significant inter-
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action. The effect of N is shown in Figure 3* 
In general, grain yield was higher at Palmira than at 
Medellin or Espinal. Environmental factors, climatic and 
edaphic, were more favorable at Palmira than in the other two 
locations to attain high yields. Besides, physiological and 
morphological maladjustments may have contributed to decrease 
the grain yield at Medellin and Espinal. 
At Palmira, only N was applied in both experiments due to 
the high soil content of P and K. In Medellin and Espinal, 
P and K were applied to avoid any possible deficiency of these 
nutrients. The distribution of rainfall was also better in 
Palmira. In this location, sprinkler irrigation was provided 
for a week during the grain filling period in 1970B. In the 
other locations, irrigation was not necessary and in Medellin 
rainfall was well above the normal in 1971B. 
In general, the local environment had more effect on the 
plant characteristics that were measured than did the treat­
ments applied within locations. The silking time and the grain 
filling period were affected in similar manner by the local 
conditions. The simple correlation coefficient between these 
parameters was 0=90= The rate of plant development is in­
creased when the temperature is raised. For these reasons, 
the intervals from planting to mid-silking and from mid-
silking to physiological maturity decreased in the order 
Medellin (21^ ), Palmira iZJfo) and Espinal (26^ ). The grain 
yield, however, did not change in the same manner, being 
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higher at Palmira than at the other two locations. Grain 
yields were affected more than the silking time or physio­
logical maturity by the treatments applied in each field ex­
periment. Thus, no significant relationship was found between 
grain yield and the silking time or physiological maturity. 
At Palmira the photosynthetic producing system estimated 
by LAI was very well developed. Plants were taller and with 
larger leaves, probably due to the excellent environmental 
conditions and to plant adaptation. At Medellin the period of 
vegetative development was longer than at Palmira, but the 
lower temperature and the less favorable environmental con­
ditions resulted in shorter plants and with less photosyn-
thetic leaf area. At Espinal the edaphic factors were more 
favorable than at Medellin, but not as favorable as at 
Palmira. At Espinal plants were similar in size to those at 
Medellin 1971A, even though the vegetative period was shorter 
due to the higher temperature. The LAI was highly correlated 
with grain yield and total dry weight per plant. The simple 
correlation coefficients were 0.83 and 0.81, respectively. 
Plant height was highly correlated with LAl (r=0.86) and 
with grain yield Cr=0.92). 
In all experiments, the normal hybrids outyielded the 
opaque-2 hybrids. This can be explained by the lower weight 
per grain of the opaque-2 hybrids. The same explanation holds 
for the higher grain yield of the hybrid DIACOL H 253 with 
relation to the hybrid ICA H 20?. The normal hybrids, 
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especially at Palmira, had much higher kernel weight than is 
common among U.S. hybrids. However, the number of grains per 
ear is much higher in the U.S. hybrids, being about 700 to 
1,000 kernels per ear. The hybrids used in this experiment 
had 12 to 14 rows, as an average, and from 300 to 500 kernels 
per ear. This may explain the higher yield of the U.S. hy­
brids. The harvest index is very low in these Colombian hy­
brids, but the dry weight per plant was higher in the hybrids 
grown at Palmira than the U.S. hybrids. This suggests that 
dry weight partitioning is one of the characteristics that 
must be improved to increase grain yield. The differences in 
grain yield between the normal and the opaque-2 hybrids are not 
as large as would be expected considering the differences in 
kernel weight. An increase in grain yield occurred for sure 
in the opaque-2 hybrid due to pollen contamination. This 
effect, however, was not indicated by the weight per kernel 
because only the opaque kernels were chosen to estimate the 
200 kernel weight. 
In all experiments maximum grain yield was obtained with 
100 kg of N/ha. These results agree with those obtained by 
Gomez et al. (1960, 1968a), Léon (1973) and Rodriguez and Baird 
(1963). In most cases, application of 200 or 30O kg/ha of N 
produced a negligible increase in grain yield. Probably other 
factors became limiting and so yield was not increased with 
these heavier applications. 
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Endosperm Crude Protein 
The analysis of variance for all experiments is summarized 
in Table 31. 
Means for all treatments for the experiments carried out 
at Medellin 1971A are presented in Table 64 of the Appendix. 
Hybrids, plant populations and N rates all significantly 
affected the endosperm crude protein (Table 31). The hybrid x 
population interaction is shown in Figure Increasing plant 
population decreased the endosperm crude protein in all hy­
brids. Hybrid ICA H 208 had the lowest protein content. Hy­
brid DIACOL H 253 was the most affected by plant population. 
Its crude protein decreased from 8.2# at 40,000 plants/ha to 
7.4# at 60,000 plants/ha. At all plant populations the normal 
hybrids had higher protein content than the respective opaque-2 
hybrids. 
rnim A o  ^  ^1VT m m «5  ^« V 41 WXWll OliWfTXl .tAl "Y # 
ICA H 207 and ICA H 208 were affected similarly by N applica­
tion, but the hybrid ICA H 208 had a lower protein content. 
The endosperm crude protein was increased more in the hybrids 
ICA H 253 and ICA H 255* The highest protein content (8.1#) 
was obtained with the hybrid ICA H 253 when N was applied at 
the rate of 300 k^ ha. 
The results for the experiment conducted at Medellin 
I97IB are presented in Table 64 of the Appendix. Hybrid ICA 
H 253 produced the highest protein content and ICA H 207 the 
Table 31. Analysis of variance for crude protein 
Mean squares 
Source of Medellin Palmira Espinal 
variation df 1971A 1971B 1970B 1971B 1970A 1971B 
Replications (R) 2 1.3828** 2.2559** 0.2773 0.6094 0.6367** 0.5722* 
Hybrids (H) 3 8.9375** 6.4844** 16.2083** 19.9128** 1.8919** 0.7370* 
Error (a) 6 0.0363 0.0321 0.1917 0.2955 0.0434 0.0912 
Populations (P) 2 3.1934** 2.9102** 6.5039** 0.3242** 2.3515** 1.7969** 
HP 6 0.1992* 0.0560 0.3815** 0.1667 0.1503** 0.1842** 
Error (a) l6 0.0631 0.0352 0.0503 0.0912 0.0349 0.0231 
Nitrogen (N) 3 1.1367** 0.8633** 12.2604** 14.2357** 3.8737** 4.5716** 
HN 9 0.2070** 0.0670 0.3763** 0.2500** 0.0559 0.0786 
PN 6 0.2754** 0.1348** 0.0878 0.1165 0.0267 0.1237* 
HPN 18 0.0243 0.0224 0.0533 0.1895 0.0280 0.0675 
Error (c) 72 0.0541 0.0349 0.0458 0.0911 0.0309 0.0521 
*,**F-test significant at the 5^ and 1^ probability level, respectively. 
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lowest. All hybrids responded similarly to stand density as 
shown in Figure 4. Increasing N application increased the 
percentage of the endosperm crude protein in all hybrids 
(Figure 4). The effect of plant population and N application 
in this experiment was low, but still significant. Soil and 
climatic conditions were not favorable and as a result the 
treatments affected the protein content less than in the pre­
vious experiment. 
Means for the experiment conducted at Palmira 1970B are 
presented in Table 65 in the Appendix. Increasing plant 
population decreased the endosperm crude protein, but the hy­
brids responded differently to plant population as indicated 
by the hybrid x population significant interaction (Table 31)• 
This interaction is shown in Figure 5« Hybrid DIACOL H 253 had 
the highest protein concentration (9.2^ ) at 40,000 plants per 
hectare. The opaque-2 hybrid ICA H 255 was the most affected 
by stand density. The endosperm crude protein of this hybrid 
decreased from 8.7# at 40,000 plants/ha to 7*5# at 60,000 
plants/ha. 
Nitrogen fertilization significantly increased the endo­
sperm crude protein in all hybrids. The hybrid x N interac­
tion is shown in Figure 5« Nitrogen application produced the 
maximum endosperm crude protein in hybrid DIACOL H 253 and 
ICA H 255* An increase of 1.9^  was obtained with the hybrid 
ICA H 253 when 300 kg/ha of N was applied as compared to the 
crude protein content when no N was applied. Hybrid ICA H 208 
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hybrid x nitrogen rates on endosperm crude protein 
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had the minimum protein concentration at all N rates. In this 
experiment, the normal hybrids had a higher protein concentra­
tion than the opaque-2 hybrids. 
Means for the experiment carried out at Palmira 1971B are 
shown in Table 65 of the Appendix. There was a highly sig­
nificant difference between hybrids. The protein concentra­
tion follows a similar pattern at the different stand densities 
(Figure 5)« In all hybrids the endosperm crude protein de-
creased more when plant population was raised from 40,000 to 
50,000 plants per hectare than when it was increased from 
50,000 to 60,000 plants per hectare. 
Nitrogen application also increased the endosperm crude 
protein, but the hybrids were affected differently (Table 31)• 
The hybrid x N interaction is presented in Figure 5* The 
highest protein concentration was observed in the hybrid 
DIACOL H 253 and the lowest in the hybrid ICA H 208. 
The results for the experiment conducted at Espinal 1971A 
are shown in Appendix Table 66. All treatments significantly 
affected the endosperm crude protein (Table 31). Hybrids re­
sponded differently to plant population. This interaction is 
shown in Figure 6. The endosperm crude protein of the opanue-2 
hybrids decreased more when plant population was raised from 
50,000 to 60,000 plants/ha than when it was increased from 
40,000 to 50,000 plants/ha. The contrary occurred with the 
normal hybrids. The endosperm crude protein, however, de­
creased with increasing stand density in all hybrids. 
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Nitrogen application significantly increased the endosperm 
crude protein in all hybrids in a similar manner as indicated 
by the absence of the hybrid x N interaction (Table 31). The 
effect of N is presented in Figure 6. The endosperm crude 
protein content of the normal hybrid was lower than the 
opaque-2 hybrids. This difference is greater at the highest 
N rates. 
Means for the experiment carried out at Espinal 1971B are 
presented in Appendix Table 66. The endosperm crude protein 
concentration was significantly affected by hybrids. The 
hybrid x population interaction is shown in Figure 6. Hybrid 
ICA H 255 did not follow the same general pattern of the other 
hybrids. Its protein content increased at 50,000 plants/ha 
which explains the hybrid x population interaction, but there 
is no logical explanation for this result. 
Nitrogen application significantly increased the endosperm 
crude protein in all hybrids. All of the hybrids followed the 
same pattern (Figure 6). Hybrids ICA H 207 and ICA H 208 
had the same endosperm crude protein content, but it was lower 
than the protein content of hybrids DIACOL H 253 and ICA H 255. 
Endosperm Lysine and Tryptophan Content 
Lysine as well as tryptophan were determined in a com­
posite sample by mixing the three replications of each of the 
experiments in equal proportions to decrease the variability 
in the sample. 
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Tables 32 to 37 show the lysine and tryptophan content of 
the endosperm as percentage of crude protein. The same data 
expressed as percentage of sample is shown in the Appendix 
Tables 67 to 72. It can be noted that the endosperm lysine 
and tryptophan content expressed as percentage of the sample 
or as percentage of the crude protein is much higher at 
Palmira than at Medellin or Espinal, for all hybrids. As ex­
plained previously, these hybrids are fully adapted to Palmira. 
In addition, the environmental conditions during these experi­
ments were better in Palmira than in the other two locations. 
These factors were reflected not only in grain yield and the 
other morphological and phenological traits measured, but also 
in the endosperm composition, as measured by crude protein, 
lysine and tryptophan content. 
In general, increasing N application and decreasing 
plant population brought about an increase in lysine and 
tryptophan content in all experiments and in all hybrids 
(Tables 32 to 37). The endosperm crude protein was also in­
creased under these conditions. However, crude protein is 
composed of several fractions, each one different in its 
amino acid composition. For these reasons when the crude pro­
tein is increased the concentration of some amino acids may be 
decreased. To determine the relationship between the endosperm 
crude protein, lysine and tryptophan when these amino acids are 
expressed as the percentage of crude protein, regression equa­
tions were calculated for each hybrid. The data were averaged 
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Table 32. Effect of hybrids, plant population and N fertil­
ization on the endosperm lysine content (percentage 
of protein), Medellin 
Populations N rates (kfi/ha) 
Hybrids (plants/ha) 0 100 200 300 
lyyiA 




































































































































































Table 33' Effect of hybrids, plant population and N fertil­
ization on the endosperm lysine content (percentage 
of protein), Palmira 
Hybrids 
Populations 
(plants/ha) 0 100 200 300 
I97OB 








































































































































Table 34. Effect of hybrids, plant population and N fertiliza­
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Table 35- Effect of hybrids, plant population and N fertiliza­
tion on the endosperm tryptophan content (percentage 
of protein), Medellin 
Populations 
(plants/ha) 
N rates (kg/ha) 
Hybrids 0 100 200 300 
1?71A 
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Table 36» Effect of hybrids, plant population and N fertiliza­
tion on the endosperm tryptophan content (percentage 
of protein), Palmira 
Populations N rates (kfi/ha) 
Hybrids (plants/ha) 0 100 200 300 
1970B 





















































































































































Table 37. Effect of hybrids, plant population and N fertiliza­
tion on the endosperm tryptophan content (percentage 
of protein), Espinal 
Populations N rates (kfi/ha) 
Hybrids (plants/ha) 0 100 200 300 
1971A 








































































































































for the two experiments performed in each location. The endo­
sperm crude protein content was the independent variable and 
lysine and tryptophan the dependent variables. These linear 
regression equations are presented in Figures 7 « 8 and 9 and 
the parameters in Table 38. 
At Medellin the variability of the lysine and tryptophan 
content of the opaque-2 hybrid ICA H 255 can be considered 
associated with the variability of the endosperm crude protein 
content. The linear regression equations explain 77•57 and 
77.83# of the variability for lysine and tryptophan, respec­
tively. For the other hybrids the variability of these two 
amino acids do not depend on the variability of the total crude 
protein (Table 38). 
At Palmira the lysine and tryptophan content of the opaque-
2 hybrid ICA H 208, and the linear regression equations explain 
69.93 and 55»81# of the variability of these amino acids. For 
the other hybrids, even though the dependence of the variability 
of these amino acids on the endosperm crude protein content is 
significant at the 5# probability level, the values are low 
and so, they cannot be considered important. 
At Espinali the lysine and tryptophan content of the 
opaque-2 hybrid ICA H 208 significantly increased with the 
endosperm crude protein. This same relation occurred with the 
opaque-2 hybrid ICA H 253, but the value was lower. As for 
the normal hybrids, the lysine content of the hybrid ICA H 207 
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Table 38. Parameters of the linear regression equations 
(Figures 7, 8 and 9)> calculated using the percent­
age of the endosperm crude protein as the indepen­
dent variable (average of two experiments per 
location 
Hybrid 






































































*,**F-test significant at the 5^  and Ifo probability level, 
respectively. 
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Table 38. (Continued) 
Hybrid 




































increased significantly (Table 38). 
In general, the lysine and tryptophan content of the 
endosperm of the opaque-2 hybrids was increased with the endo­
sperm crude protein content. However, the hybrids were affected 
in different ways by the environmental conditions. For example, 
the concentration of the two amino acids was increased in ICA 
H 255 at Medellin and Espinal but not at Palmira. On the other 
hand, the lysine and tryptophan content of the hybrid ICA H 208 
was increased significantly with the endospem crude protein 
at Palmira and Espinal. 
Tables 32 to 37 indicate that the endosperm lysine and 
tryptophan content of the opaque-2 hybrids was much lower in 
Medellin and Espinal than in Palmira. Even though the N fer­
tilization and plant density did affect the concentration of 
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lysine and tryptophan, the increase obtained in the range in 
which these treatments were applied does not compensate for 
the effects due to the environmental conditions prevailing at 
each location. It is noteworthy (Figures 7» 8 and 9) that the 
maximum concentration of these amino acids obtained at Medellin 
or Espinal was as low as the minimum obtained at Palmira. 
As for the normal hybrids, ICA H 207 and DIACOL H 253» 
Tables 32 to 37 show that increasing N fertilization and de­
creasing plant population increased the endosperm lysine and 
tryptophan content. However, this effect was not as large as 
in the opaque-2 hybrids. The relationship between the endo­
sperm crude protein and the lysine and tryptophan concentration 
was also dependent on the location effect (Table 38). Thus, 
the lysine content of ICA H 207 was significantly increased with 
the endosperm crude protein only in Espinal. Similar effects 
occurred with the tryptophan concentration of DIACOL H 253 at 
this location. These results indicate the biosynthesis of 
lysine and tryptophan is affected in different ways by en­
vironmental conditions according to the genotype. 
As previously mentioned, the treatments which increased the 
endosperm crude protean also increased the lysine and tryptophan. 
However, in the normal hybrids the increase of these amino acids 
is less than the opaque-2 hybrids (Table 38). It has been sug­
gested that in normal hybrids when the protein concentration is 
increased, due to N fertilization or plant population, the zein 
fraction is mainly increased. In the opaque-2 hybrids the 
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biosynthesis of the zein protein is decreased and the other 
protein fractions (richer in lysine and tryptophan) are in­
creased (Nelson et al., 1965; Mertz et al., 1964). For this 
reason, there is a general tendency to increase the lysine 
and tryptophan content more in the opaque-2 hybrids than in the 
normal hybrids. However, this effect was not observed in all 
experiments, probably due to problems of adaptation. The lysine 
and tryptophan content of the opaque-2 ICA H 255 was not in­
creased significantly when the endosperm crude protein was 
raised. This effect can be explained because the regression 
equations were calculated from data that had been averaged 
for the two experiments. 
In all experiments, grain yield increased significantly 
with the 100 kg/ha of N application. Crude protein increased 
up to the highest N application (300 kg/ha). The lysine and 
tryptophan content increased very little with the 300 kg/ha of 
N application and in some cases even decreased. For these 
reasons, an application of 200 kg/ha of N may be considered 
ample to give the maximum lysine and tryptophan content at all 
of the locations in this study. 
The effect of plant population on grain yield was not 
significant at Palmira and only in two experiments conducted at 
Medellin and Espinal was there a significant effect. Thus, it 
may be more efficient to plant 40,000 plants/ha to get the 
maximum lysine and tryptophan content without affecting grain 
yield. 
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As previously mentioned, these results indicate that the 
maximum lysine and tryptophan content obtained at Medellin or 
Espinal is as low as the minimum obtained in Palmira. Grain 
yield was also low at these two locations compared with the 
yields obtained at Palmira. For these reasons, it is not 
advisable to grow these hybrids in environments which differ 
too much from the area of adaptation. It may be necessary to 
develop genotypes adapted to every important com growing 
location if it is desired to take advantage of the opaque-2 
gene. 
95 
SUMMARY AND CONCLUSIONS 
The main objective of this study was to determine the 
effect of plant population and N fertilization on the grain 
yield, endosperm crude protein, lysine and tryptophan content 
of two normal hybrids and their respective opaque-2 counter­
parts. The effect of the aforementioned treatments on several 
phenological and morphological characteristics such as silking 
time, physiological maturity, plant height, LAI, 200 kernel 
weight, dry weight/plant and harvest index also were studied. 
The experiments were carried out at three locations and in two 
different seasons at each location. The sites, which are very 
different in environmental conditions were Medellin, Palmira 
and Espinal. The plant materials used in these experiments are 
fully adapted to Palmira. The hybrids ICA H 207, DIACOL H 253 
and ICA H 255 and their respective opaque-2 hybrids ICA H 208 
and ICA H 255 were planted at three populations, 40,000, 
50,000 and 60,000 plants/ha, combined with four N rates, 0, 100, 
200 and 300 kg/ha. The treatments were arranged in a split-
plot design replicated three times. Hybrids were the main 
plots, plant populations the subplots and N rates the sub-
subplots. The experimental plots consisted of four rows each 
10 m long. The observations were taken in the two central rows 
and the other two were left as border rows. 
Silking time was determined when 50fo of the plants of each 
plot showed anthers. Physiological maturity was considered as 
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the time of black layer formation (Daynard and Duncan, I969). 
Four representative plants per plot were selected to de-
tennine plant height, LAI and total dry weight per plant. 
Plant height was measured from the soil surface to the top of 
the panicle. LA.I was determined from leaf area (length x 
maximum width x 0.75) and plant population. 
At the time of physiological maturity the four selected 
plants were harvested by cutting them at the soil surface. 
These plants were dried at 60°C to constant weight. The plant 
materials were separated into grain and nongrain fractions to 
calculate the harvest index (grainy total dry weight). 
Grain yield was measured as kg/plot at the time of harvest 
and converted to kg/ha at 15?^  moisture. Kernel weight was de­
termined on a 200 kernel sample per plot. 
For chemical determinations, 10 kernels per plot were 
soaked in distilled water and the pericarp and embryos were 
removed and discarded. The endosperms were ground in a Wiley 
mill and passed through a No. 60 mesh sieve. The grain material 
was dried at 60°C. Crude protein was determined using the 
micro-Kjeldahl technique. A composite sample was made by mix­
ing the ground materials in equal proportions from each of the 
three replications per treatment. This sample was used to 
determine the endosperm lysine and tryptophan content. Lysine 
was determined with a microbiological assay using the bacteria 
Leuconostoc mesenteroides. P-60 ATCC No. 8042 as the test 
organism. Tryptophan was determined by colorimetry following 
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the technique outlined by Spies and Chambers (19^ 9). 
The period from planting to mid-silking was longer in 
Medellin (76 and 80 days as an average in 1971A and 1971B, 
respectively) and decreased in the order Palmira and Espinal. 
At Palmira the period was 64 days in 197OB and 69 days in 
I97IB. At Espinal this period was about 60 days in both sea­
sons. The hybrids DIACOL H 253 and ICA H 255 silked later than 
the other hybrids at Palmira. At Medellin and Espinal the 
differences between hybrids were small. Due to the small, 
though significant, effect of plant population, it can be con­
cluded that this treatment did not affect the silking time. 
Nitrogen application significantly delayed the silking time 
(2 days approximately) at Espinal and Medellin 1971B. No 
effect was observed at Palmira. 
The grain filling period, measured as the number of days 
from mid-silking to physiological maturity was about 53» 42 
and 30 days at Medellin, Palmira and Espinal, respectively. 
Hybrids DIACOL H 253 and ICA H 255 had a longer grain filling 
period than the hybrids ICA H 20? and ICA H 208 at Medellin 
and Palmira, No differences between hybrids were observed at 
Espinal= The effect of plant population was negligible in all 
experiments. Nitrogen application significantly delayed 
physiological maturity at Medellin and Espinal, but not at 
Palmira. 
Plants were about 1 m taller at Palmira than at Medellin 
or Espinal. Increasing plant population increased plant height 
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only at Palmira. Nitrogen application significantly increased 
plant height at Medellin and Espinal. 
LAI increased linearly with increasing plant population at 
Medellin and Espinal. At Palmira, LA.I increased more from 
40,000 to 50.000 than from 50,000 to 60,000 plants/ha. In all 
the experiments N application significantly increased LA.I. 
The dry weight/plant decreased significantly with increas­
ing plant population and increased with N application in all 
experiments. The total dry weight/plant was much higher at 
Palmira than at Medellin or Espinal. 
The highest grain yield was obtained in Palmira for all 
hybrids. The normal hybrids outyielded their respective 
opaque-2 versions in all experiments, due to the lower weight 
per kernel of the opaque-2 hybrids. In general, the hybrid 
DIACOL H 253 produced the highest grain yield and the opaque-2 
IGA H 208 the lowest. Plant population significantly affected 
the grain yield at Medellin 1971A and at Espinal 1971A. Grain 
yield as well as the previously mentioned parameters were 
affected mainly only up to the 100 kg of N/ha application. 
The effect of N was higher at Medellin and Espinal than at 
Palmira. 
The endosperm crude protein content was higher at Palmira 
than at Medellin or Espinal. It was increased in all hybrids 
with N application up to the highest rate (300 kg/ha of N 
application). In all experiments when the plant population was 
raised the endosperm crude protein was decreased. There was a 
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tendency for the normal hybrids to have a higher endosperm 
crude protein content. 
The maximum lysine and tryptophan content at Medellin and 
Espinal was approximately equal to the minimum obtained at 
Palmira. When the endosperm crude protein was increased by 
changing plant population or N application, lysine and trypto­
phan concentration also was increased in the opaque-2 hybrids 
as well as in the normals, but this effect was much more pro­
nounced in the opaque-2 hybrids. The endosperm lysine and 
tryptophan content was always higher in the opaque-2 hybrids 
than in the normal hybrids. However, their concentration at 
Medellin and Espinal was low compared to the results observed 
at Palmira, which indicates that these hybrids should not be 
grown in places to which they are not fully adapted. 
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Table 39» Climatic data for the three locations in Colombia 
Locations 
Medellin Palmira Espinal 
Month 1970 1971 1970 1971 1971 

















































































































































Total 1.443.3 1,796.4 1,079.0 1,423.0 1,383.1 
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Table 40. Effect of hybrids, plant population and N fertiliza­
tion on the silking time (days from planting to mid-
silking) , Medellin 
Nitrogen rates (kg/ha) 
Hybrids (plants/ha) 0 100 200 300 
I97IA 



















































































































































































Table 41. Effect of hybrids, plant population and N fertiliza­
tion on the silking time (days from planting to mid-
silking), Palmira 
Nitrogen rates (kg/ha) 
Hybrids 
ropuxaxxons 
(plants/ha) 0 100 200 300 
1970B 
ICA H 207 40,000 64.0 63.7 63.3 64.0 
50,000 65.3 64.7 64.0 65.3 
60,000 64.3 64.0 64.3 63.7 
ICA H 208 40,000 64.3 64.0 64.3 64.3 
50,000 63.3 62.7 62.7 62.7 
60,000 63.3 63.3 63.3 62.7 
DIACOL H 253 40,000 65.0 66.7 66.3 67.0 
50,000 66.7 66.3 66.7 66.3 
60,000 67.3 67.3 67.3 67.3 
ICA H 255 40,000 66.7 63.7 64.0 64.0 
50,000 64.0 64.0 64.3 64.3 
60,000 65.3 64.0 63.7 64.0 
1971B 
ICA H 207 40,000 70.3 69.0 69.6 69.7 
50,000 69.0 69.3 67.7 69.0 
60,000 69.0 69.3 70.3 69.0 
ICA H 208 40,000 67.0 67.7 68.0 68.0 
50,000 67.7 69.7 68.0 69.3 
60,000 68.7 69.0 67.7 68.0 
DIACOL H 253 40,000 72.7 71.7 71.3 71.7 
50,000 73.0 72.7 72.0 72.3 
60,000 72.7 73.0 72.7 72.7 
ICA H 255 40,000 69.3 69.7 68.7 68.7 
50,000 70.3 68.7 70.3 68.7 
60,000 70.0 70.0 70.3 69.7 
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Table 42. Effect of hybrids, plant population and N fertiliza­





Nitrogen rates (kg/ha) 
100 200 300 
1971A 
ICA H 207 40,000 6o.o 59.7 60.0 59.3 
50,000 6o.o 59.7 60.0 60.0 
60,000 59.7 59.3 59.3 60.0 
ICA H 208 40,000 60.0 60.0 59.7 60.0 
50,000 59.7 6o.o 59.7 59.7 
60,000 59.0 59.0 60.0 60.0 
DIACOL H 253 40,000 59.7 6o.o 60.0 59.7 
50,000 60.0 6o.o 59.7 60.0 
60,000 60.0 59.3 60.0 60.0 
ICA H 255 40,000 59.7 60.0 60.0 60.0 
50,000 60.0 60.0 59.7 59.7 
60,000 59.0 60.0 60.0 59.7 
1971B 





























































Table ^3. Effect of hybrids, plant population and N fertiliza­
tion on the physiological maturity (days from mid-
silking to physiological maturity), Medellin 
Nitrogen rates (kg/ha) 
Hybrids 
ropuiai/ions 
(plants/ha) 0 100 200 300 
1971k 




































































































































































Table 44. Effect of hybrids, plant population and N fertiliza­
tion on the physiological maturity (days from mid-
silking to physiological maturity;, Palmira 
Nitrogen rates (kg/ha) 
Hybrids 
ROPUIAXIONS 
(plants/ha) 0 100 200 300 
1970B 



























































































































Table 45. Effect of hybrids, plant population and N fertiliza­
tion on the physiological maturity (days from mid-
silking to physiological maturity ;, Espinal 
Populations Hitrofien rates (kfi/ha) 
Hybrids 
ropuxaxions 
(plants/ha) 0 100 200 300 
1971A 


























































































































Table 46. Effect of hybrids, plant population and N fertiliza­
tion on the plant height (cm), Medellin 
Nitrogen rates (kg/ha) 
Hybrids (plants/ha) 0 100 200 300 
I97IA 
ICA H 207 40,000 27.3 27.5 28.2 28.5 
50,000 27.3 27.3 28.5 28.8 
60,000 27.2 28.1 28.4 28.1 
ICA H 208 40,000 26.8 27.7 28.8 28.5 
50,000 26.4 28.1 28.0 27.6 
60,000 26.9 28.8 28.4 28.5 
DIACOL H 253 40,000 26.2 28.0 28.2 28.2 
50.000 26.5 28.0 28.6 28.3 
60,000 26.6 30.2 28.9 28.1 
ICA H 255 40,000 26.7 28.1 28.7 27.6 
50,000 26.7 28.0 28.6 28.3 
60,000 26.3 27.6 28.7 29.2 
1971B 
ICA H 207 40,000 19.4 23.1 22.6 22.6 
50,000 19.4 22.0 22.1 22.5 
r\r\n W V 1 W 19.6 22.7 22.7 22.9 
ICA H 208 40,000 19.3 23.5 23.4 23.3 
50,000 20.6 23.4 23.3 22.9 
60,000 20.9 23.1 22.5 23.0 
DIACOL H 253 40,000 19.2 22.4 22.9 22.9 
50,000 19.0 21.5 23.0 23.0 




















Table 4?. Effect of hybrids, plant population and N fertiliza­




Kitrogen rates (kg/ha) 
ICQ 200 300 
1970B 
ICA H 207 40,000 34.7 36.2 37.0 36.4 
50,000 34.7 36.4 35.9 37.5 
60,000 34.7 36.9 37.0 37.0 
ICA H 208 40,000 33.7 34.1 35.6 34.7 
50,000 33.2 34.9 34.0 35.6 
60,000 34.2 35.3 36.0 36.1 
DIACOL H 253 40,000 34.6 33.9 36.2 35.5 
50,000 34.6 35.6 36.1 36.3 
60,000 34.5 36.8 36.5 36.5 
ICA H 255 40,000 33.8 35.3 34.3 34.7 
50,000 34.1 34.9 35.5 35.4 
60,000 33.3 35.8 36.2 36.3 
1971B 
ICA H 207 40,000 30.2 30.7 31.1 30.7 
50,000 31.2 32.4 32.6 31.1 
60,000 32.9 33.4 31.0 33.6 
ICA H 208 40,000 30.3 30.0 31.3 30.1 
50,000 29.9 31.7 31.5 32.6 
60,000 33.5 32.6 31.5 34.4 
DIACOL H 253 40,000 29.4 31.5 31.2 30.5 
50,000 32.1 32.6 32.2 32.1 
60,000 33.7 32.6 33.2 33.4 
ICA H 255 40,000 29.6 31.6 32.4 30.9 
50,000 32.5 31.3 31.1 32.0 
60,000 31.4 32.8 34.8 33.2 
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Table 48. Effect of hybrids, plant population and N fertiliza­
tion on the plant height (cm), Espinal 
Nitrogen rates (kg/ha) 
Hybrids 
ropuxaxions 
(plants/ha) 0 100 200 300 
1971A 
ICA H 207 40,000 18.9 24.1 23.4 24.1 
50,000 18.4 23.2 22.3 23.0 
60,000 19.3 23.1 22.1 22.7 
ICA H 208 40,000 20.4 24.4 23.6 24.0 
50,000 19.8 23.8 24.3 23.3 
60,000 19.7 23.9 23.7 23.8 
DIACOL H 253 40,000 20.2 22.9 24.0 24.1 
50,000 19.9 24.2 24.5 23.8 
60,000 19.4 24.6 24.4 24.2 
ICA H 255 40,000 19.5 24.7 23.8 24.9 
50,000 19.4 24.5 24.2 24.0 
60,000 19.7 24.3 24.0 24.5 
1971B 
ICA H 207 40,000 24.5 28.1 28.5 28.6 
50,000 23.2 28.4 28.4 28.3 
60: 000 21 = 3 27 = 9 28.5 28.9 
ICA H 208 40,000 24.2 28.4 28.6 28.8 
50,000 24.1 28.6 28.3 27.9 
60,000 25.2 28.1 28.3 28.7 
DIACOL H 253 40,000 24.1 28.6 28.4 28.2 
50,000 24.0 29.0 28.2 28.2 
60,000 23.2 28.4 29.4 28.8 
ICA H 255 40,000 26.7 28.9 28.5 28.6 
50,000 24.0 28.5 28.9 29.0 
60,000 24.4 28.5 28.4 28.6 
122 
Table 29. Effect of hybrids, plant population and N fertiliza­
tion on leaf area index (LAI), Medellin 
Populations 
(plants/ha) 
Nitrogen rates (kg/ha) 
Hybrids 0 100 200 300 
1971A 





















































































































































Table 50. Effect of hybrids, plant population and N fertiliza­
tion on leaf area index (LAI), Palmira 
Populations Nitrogen rates 
Hybrids 
Jr'opuiaxions 
(plants/ha) 0 100 200 300 
1970B 




































































































































































Table 51» Effect of hybrids, plant population and N fertiliza­
tion on leaf area index (LA.I), Espinal 
Nitrogen rates (kg/ha) 
Hybrids (plants/ha) 0 100 200 300 
1971A 










































































































































Table 52. Effect of hybrids, plant population and N fertiliza­




Nitrogen rates (kg/ha) 
100 200 300 
1971A 





























































































































































Table 53* Effect of hybrids, plant population and N fertiliza­
tion on the total dry matter (g/plant), Palmira 
Nitrogen rates (kg/ha) 
Hybrids (plants/ha) 0 100 200 300 
1970B 








































































































































Table 5^* Effect of hybrids, plant population and N fertiliza­




Nitrogen rates (kg/ha) 
100 200 300 
1971A 
ICA H 207 40,000 208 238 235 246 
50,000 197 226 228 234 
60,000 187 206 223 225 
ICA H 208 40,000 197 227 246 247 
50,000 196 223 228 233 
60,000 180 204 220 223 
DIACOL H 253 40,000 200 233 251 252 
50,000 197 209 229 227 
60,000 188 209 225 228 
ICA H 255 40,000 199 230 254 248 
50,000 195 217 224 236 
60,000 192 206 225 237 
1971B 
ICA H 207 40,000 275 302 310 301 
go,000 264 307 292 306 
oO,000 271 295 315 315 
ICA H 208 40,000 240 283 276 304 
50,000 234 270 276 277 
60,000 257 279 296 304 
DIACOL H 253 40,000 267 281 307 308 
50,000 187 289 288 300 
60,000 255 274 296 299 
ICA H 255 40,000 259 281 285 300 
50,000 204 275 286 276 
60,000 197 278 290 284 
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Table 55» Effect of hybrids, plant population and K fertiliza­
tion on harvest index, Medellin 
Nitrogen reates (kg/ha) 
Hybrids 
ropu±ai,ions 
(plants/ha) 0 100 200 300 
1971A 
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Table 56. Effect of hybrids, plant population and N fertiliza­




Nitrogen rates (kg/ha) 
100 200 300 
1970B 


























































































































Table 57« Effect of hybrids, plant population and N fertiliza­
tion on harvest index, Espinal 
Populations Hltrosen rates (kp/ha) 
Hybrids 
ropuia^ ions 
(plants/ha) 0 100 200 300 
1971k 






















































































































































Table 58. Effect of hybrids, plant population and N fertiliza­
tion on 200 kernel weight (g), Medellin 
Hybrids 
Populations 
(plants/ha) 0 100 200 300 
mik 
ICA H 207 40,000 58.0 63.7 63.6 64.5 
50,000 60.4 60.7 61.5 60.1 
60,000 60.5 62.3 63.1 63.2 
ICA H 208 40,000 44.4 45.0 48.5 49.1 
50,000 44.1 46.3 46.1 47.7 
60,000 45.7 48.7 47.5 47.5 
DIACOL H 253 40,000 61.1 63.1 65.4 65.5 
50,000 6o.6 62.8 63.9 64.9 
60,000 60.9 63.3 65.1 64.7 
ICA H 255 40,000 44.0 46.3 46.7 47.4 
50,000 44.4 47.0 47.2 46.0 
60,000 44.3 44.7 47.2 47.4 
1971B 
ICA H 207 40,000 52.2 59.2 57.8 57.0 
50,000 52.6 55.8 57.3 57.1 
60,000 54.5 57.4 57,4 57.6 
ICA H 208 40,000 42.4 44.9 46.9 46.4 
50,000 43.1 44.9 45.5 45.7 
60,000 44.4 48.7 46.2 47.1 
DIACOL H 253 40,000 52.9 55.4 57.0 56.7 
50,000 53.9 55.4 56.0 57.7 
60,000 56.5 58.1 57.4 56.1 
ICA H 255 40,000 43.8 46.7 46.7 46.7 
50,000 42.9 46.7 46.4 46.4 
60,000 44.1 45.2 46.4 47.2 
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Table 59* Effect of hybrids, plant population and N fertiliza­
tion on 200 kernel weight (g), Palmira 
Nitrogen rates (kg/ha) 
Hybrids 
ropuxaT/Xons 
(plants/ha) 0 100 200 300 
1970B 




































































































































































Table 60. Effect of hybrids, plant population and N fertiliza­




Nitrogen rates (kg/ha) 
100 200 300 
1971A 


























































































































Table 6l. Effect of hybrids, plant population and N fertiliza­




Nitrogen rates (kg/ha) 
100 200 300 
1971A 
ICA H 207 40,000 3792 4036 4055 3442 
50,000 3801 3790 3774 4002 
60,000 3487 3626 3756 2976 
ICA H 208 40,000 2851 3352 3176 3425 
50,000 3273 3586 3457 3393 
60,000 3424 3574 3260 3514 
DIACOL H 253 40,000 3346 3791 3893 4235 
50,000 4187 4412 4408 4504 
60,000 3528 3842 3948 4045 
ICA H 255 40,000 3095 3851 3771 3765 
. 50,000 3524 4194 4483 4288 
60,000 3494 3627 3903 4139 
1971B 
ICA H 207 40,000 1078 2533 2705 2767 
50,000 1058 2663 2525 2625 
60,000 1113 2638 2688 2626 
ICA H 208 40,000 923 2242 1876 2198 
50,000 814 2268 1889 2226 
60,000 744 2239 2179 1859 
DIACOL H 253 40,000 931 2723 2726 2817 
50,000 927 2719 2773 2767 
60,000 978 2637 2794 2821 
ICA H 255 40,000 979 2084 2323 2208 
50,000 986 2157 2062 2160 
60,000 821 2061 2150 2215 
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Table 62. Effect of hybrids, plant population and N fertiliza­
tion on grain yield kg/ha), Palmira 
Populations Nltrosen rates (kp/ha) 
Hybrids 
ropuxa.T,ions 
(plants/ha) 0 100 200 300 
1970B 

























































































































































Table 63.  Effect of hybrids, plant population and N fertiliza­
tion on grain yield (kg/ha), Espinal 
Nitrogen rates (kg/ha) 
Hybrids 
ropuiaT/ions 
(plants/ha) 0 100 200 300 
1971A 



























































































































































Table 64. Effect of hybrids, plant population and N fertiliza­
tion on the endosperm crude protein content (per­
centage of sample, dry weight basis), Palmira 
Populations Mitrogen rates (kg/ha) 
Hybrids (plants/ha) 0 100 200 300 
IfflA 
ICA H 207 40,000 7.7 7.7 7.9 8.1 
50,000 7.7 7.7 7.4 7.6 
60,000 7.7 7.5 7.6 7.^  
ICA H 208 40,000 6.6 6.7 6.8 7.2 
50,000 6.7 6.6 6.6 6.7 
60,000 6.6 6.4 6. 5 6.5 
DIACOL H 253 40,000 7.6 8.0 8.5 8.8 
50,000 7.4 7.4 7.6 7.8 
60,000 7.3 7.3 7.4 7.7 
ICA H 255 40,000 7.3 7.7 7.9 8.3 
50,000 7.2 7.3 7.6 7.8 
60,000 7.1 7.0 7.5 7.6 
1?71B 
ICA H 207 40,000 
en 
6.8 6.9 
Il ë1 9 VVV 
60,000 sis 




0 • 0 
6.6 
ICA H 208 40,000 6.8 7.0 7.3 7.6 
50,000 6.8 6.6 6.7 6.9 
60,000 6.7 6.6 6.8 6.9 
DIACOL H 253 40,000 7.7 8.0 7.9 8.1 
50,000 7.4 7.5 7.6 7.7 
60,000 7.4 7.2 7.5 7.D 
ICA H 255 40,000 6.7 6.8 7.2 7.3 
50,000 6.6 6.6 7.2 7.3 
60,000 6. 5 6.4 6.7 6.7 
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Table 65.  Effect of hybrids, plant population and N fertiliza­
tion on the endosperm crude protein content (per­
centage of sample, dry weight basis), Palmira 
Populations Nitrofien rates (kfi/ha) 
Hybrids 
ropuj-ciuxons 
(plants/ha) 0 100 200 300 
I97OB 
ICA H 207 40,000 7.5 7.8 8.4 8 . 9  
50,000 7.3 7.6 7.8 8.1 
60,000 7.1 7.5 7.8 8.1 
ICA H 208 40,000 7.0 7.5 7.6 8.2 
50,000 6.9 7.0 7.1 7.9 
60,000 6.8 6.9 7.1 7.6 
DIACOL H 253 40,000 8.2 8.9 9.6 10.3 
50,000 7.8 8.9 9.3 9.7 
60,000 7.6 8.3 8.8 9.9 
ICA H 255 40,000 7.8 8.6 9.0 9.4 
50,000 7.2 7.7 8.3 8.6 
60,000 6.8 7.4 7.6 8.1 
1971B 
ICA K 207 40,000 7.5 7.9 8.6 9.3 
50,000 7.4 7.6 7.9 8.2 
60,000 7.3 7.6 7.9 7.9 
ICA H 208 40,000 7.2 7.6 7.8 8.4 
50,000 6.5 6.9 7.0 8.1 
60,000 6.2 6.4 7.4 7.9 
DIACOL H 253 40,000 8.5 8 . 9  9.7 10.5 
50,000 8.0 8.5 9.5 9.8 
60,000 8.0 8.3 8.8 9.9 
ICA H 255 40,000 7.9 8 . 7  9.5 9.8 
50,000 7.5 7.8 8.4 8.7 
60,000 7.5 7.7 8.1 8.2 
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Table 66. Effect of hybrids, plant population and N fertiliza­
tion on the endosperm crude protein content (per­




Nitrogen rates (kg/ha) 
100 200 300 
1971A 
ICA H 207 40,000 7.2 7.3 7.5 
50,000 7.1 7.2 7.3 
60,000 7.0 7.1 7.2 
ICA H 208 40,000 7.2 7.5 7.6 
50,000 7.2 7.4 7.5 
60,000 6.8 7.1 7.5 
DIACOL H 253 40,000 7.7 7.7 8.1 
50,000 7.5 7.6 7.8 
60,000 7.1 7.4 7.5 
ICA H 255 40,000 7.7 7.8 8.0 
50,000 7.3 7.9 8.1 
60,000 6.9 7.3 7.7 
1971B 
ICA H 207 40,000 7.4 7.6 7-9 
50,000 7.3 7.5 7.7 
60,000 7.1 7.2 7.5 
ICA H 208 40,000 7.5 7.4 7.7 
50,000 7.3 7.5 7.7 
60,000 7.2 7.5 7.8 
DIACOL H 253 40,000 7.6 8.1 8.2 
50,000 7.4 7.5 8.0 
60,000 7.2 7.6 7.8 
ICA H 255 40,000 7.2 7.4 8.4 
50,000 7.3 7.9 8.2 

























Table 67.  Effect of hybrids, plant population and N fertiliza­
tion on the endosperm lysine content (percentage of 
sample ), Medellin 
Populations Nitrogen rates (kfi/ha) 
Hybrids (plants/ha) 0 100 200 300 
1971A 


























































































































Table 68. Effect of hybrids, plant population and N fertiliza­
tion on the endosperm lysine content (percentage of 
sample), Palmira 
Nitrogen rates (kg/ha) 
Hybrids 
jropux aux oris 
(plants/ha) 0 100 200 300 
I970B 








































































































































Table 69.  Effect of hybrids, plant population and N fertiliza­
tion on the endosperm lysine content (percentage of 




Nitrogen rates (kg/ha) 
100 200 300 
I97IA 





































































r* nP.ri JpV f WV 
60,000 0.073 
v . v f f  
0.078 
V .  vOv 
0.082 


























60,000 0.075 0.085 0.085 
















Table 70. Effect of hybrids, plant population and N fertiliza­
tion on the endosperm tryptophan content (percent­
age of sample), Medellin 
' Populations Nitrogen rates (kfi/ha) 
Hybrids (plants/ha) 0 100 200 300 
1971A 



































































































































































Table 71. Effect of hybrids, plant population and N fertiliza­
tion on the endosperm tryptophan content (percent­
age of sample), Palmira 
Populations Kltrosen, rates (fcfi/ha) 
Hybrids (plants/ha) 0 100 200 300 
1970B 
ICA H 207 40,000 0.005 0.006 0.006 0.006 
50,000 0.004 0.005 0.006 0.006 
60,000 0.004 0.004 0.006 0.006 
ICA H 208 40,000 0.012 0.016 0.017 0.022 
50,000 0.010 0.012 0.014 0.017 
60,000 0.008 0.011 0.013 0.018 
DIACOL H 253 40,000 0.008 0.011 0.013 0.013 
50,000 0.007 0.008 0.009 0.009 
60,000 0.006 0.009 0.009 0.010 
ICA H 255 40,000 0.031 0.037 0.038 0.043 
50,000 0.030 0.037 0.036 0.038 
60,000 0.026 0.032 0.034 0.038 
I97IB 
ICA H 207 40,000 0.006 0.006 0.007 0.007 
50,000 0. ûOô 0.007 0,007 0.007 
60,000 0.005 0.006 0.007 0.006 
ICA H 208 40,000 0.013 0.018 0.021 0.020 
50,000 0.013 0.017 0.019 0.019 
60,000 0.009 0.013 0.015 0.016 
DIACOL H 253 40,000 0.010 0.013 0.015 0.015 
50,000 0.006 0.009 0.012 0.011 
60,000 0.006 G. 008 0.008 0. 0C9 
ICA H 255 40,000 0.024 0.035 0.039 0.039 
50,000 0.025 0.031 0.032 0.037 
60,000 0.024 0.027 0.032 0.033 
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Table 72. Effect of hybrids, plant population and N fertiliza­
tion on the endosperm tryptophan content (percent­
age of sample), Espinal 
Populations Kitrofien rates (k&/ha) 
Hybrids (plants/ha) 0 100 200 300 
I97IA 
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